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FOREWORD
Geological Survey Research 1963 is the fourth annual review of the economic and scientific 

work of the U.S. Geological Survey. As in previous years the purpose of the volume is to 
bring rapidly to public attention the highlights of results of Survey investigations. This year 
the volume consists of 4 chapters (A through D) of Professional Paper 475. Chapter A con­ 
tains the synopsis of results, and the remaining chapters contain short papers as follows: 

Prof. Paper 475-B, Articles 1-59 
Prof. Paper 475-C, Articles 60-121 
Prof. Paper 475-D, Article 122

Many of the results appearing in chapter A are discussed in greater detail in the short 
papers or in reports listed in "Publications in Fiscal Year 1963" beginning on page A203. 
The tables of contents for chapters B and C, already published, are listed on page A199, and 
chapter D is in preparation as this is written. Next year the fifth annual review, Geological 
Survey Research 1964, will appear as chapters of Professional Paper 501.

During fiscal 1963, numerous Federal, State, County, or Municipal agencies listed on page 
A247 have cooperated with the Geological Survey and have contributed significantly to the 
results reported here. They are identified when appropriate in individual articles, although 
they are not generally identified in the brief statements in Chapter A.

Many individuals on the staff of the Geological Survey have contributed to the current 
annual review. Reference is made to only a few of them. Joshua I. Tracey, Jr., was re­ 
sponsible for organizing and assembling material and for the critical review of articles. He 
was assisted by George H. Davis, who assumed particular responsibility for material from the 
Water Resources Division. Marston S. Chase was assisted by Jesse R. Upperco, in technical 
editing and in the preparation of indexes, and by William H. Elliott, in the planning and 
preparation of illustrations.

A
THOMAS B. NOLAN,

Director.
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GEOLOGICAL SURVEY RESEARCH 1963-SUMMARY OF INVESTIGATIONS 

INVESTIGATIONS OF NATURAL RESOURCES

Mineral, fuel, and water resources constitute much 
of the Nation's basic wealth, and the U.S. Geological 
Survey has the chief responsibility for ascertaining 
their distribution and quality. The demand for these 
resources is continually changing and always growing. 
In response to the demand for information on natural 
resources the Survey is placing increasing emphasis on 
compilation and analysis of resources information, and 
[is accelerating research on problems bearing on the 
discovery, appraisal, and effective development of these 
resources. Water, for the most part, is a renewable 
[resource, whereas minerals and fuels, for practical pur­ 
poses, are nonrenewable.

MINERAL RESOURCES

Most of the investigations of mineral resources, in­ 
cluding fuels, made by the Geological Survey can be 
grouped into (a) district and regional studies and (b) 
commodity and topical studies. The district and re­ 
gional studies are focused on areas known or thought 
to contain mineral resources; their purpose is to estab­ 
lish guides useful in the search for concealed deposits, 
to define areas favorable for exploration, and to ap­ 
praise known and potential resources. Most studies of 
[this kind involve geologic mapping, and many of them 
[ultimately help to develop general principles of wide 
[application. The commodity and topical studies deal 
with the appraisal of national resources of various 
minerals, the synthesis of empirical data on ore habits 
[that help to define environments favorable for the oc- 
jcurrence of useful minerals, and experimental and theo- 
jretical studies of the origin and distribution of such 
minerals. The long-range aims of both groups of 
studies are to obtain data on field relations and theoreti­ 
cal principles that will provide a foundation from which 
private industry can extend its search for usable raw 
[materials, and that will provide the Nation as a whole 
with a continuing appraisal of its mineral wealth.

Special attention is being given to defining new 
sources of previously little-used minerals for which new 
luses have created or are likely to create important 
demands.

Better understanding of the geochemical, geophysi­ 
cal, and geologic processes involved in the formation 
and localization of mineral deposits is essential to the 
improvement of prospecting, and marked success is be­ 
ing achieved by interdisciplinary approaches in the 
search for minerals.

Mineral-occurrence maps of the United States

Several new maps of the conterminous United States, 
showing the locations of the important mineral-bearing 
areas, prepared under the direction of W. L. Newman, 
have been published in the Mineral Kesources series: 
MK 34-silver, ME 35-beryllium, MK 36-niobium and 
tantalum, and MK 37-high alumina clay.

The maps are printed at a scale of 1:3,168,000, and 
each is accompanied by a pamphlet that describes the 
geologic occurrence and use of the mineral commodity. 
The pamphlet also contains an index to the mineral- 
bearing areas and a selected bibliography. Previously 
published mineral-occurrence maps show copper, vana­ 
dium, lead, uranium, zinc, antimony, gold, tungsten, 
mercury, chromite, bismuth, thorium, rare earths, ti­ 
tanium, borates, pyrophyllite and kyanite, manganese, 
asbestos, magnesite and brucite, gypsum and anhydrite, 
and talc and soapstone. Maps of about a dozen other 
mineral commodities are in various stages of prepara­ 
tion. This series of maps will serve as a basis for test­ 
ing regional metallogenic concepts.

A map showing the location of placer gold deposits 
in Alaska has been prepared by E. H. Cobb. This map 
will be the sixth of a series of mineral-occurrence maps 
of Alaska (scale 1:2,500,000) to be published in the 
Mineral Kesources series. Previously published maps 
of Alaskan deposits include lode gold and silver, chro- 
mite-cobalt-nickel-platinum-group metals, copper-lead- 
zinc, molybdenum-tin-tungsten, and antimony-bis­ 
muth-mercury. Maps of several other mineral 
commodities are in various stages of preparation.

The mineral-occurrence work has been expanded to 
include mineral occurrences throughout North America, 
in cooperation with Canadian and Mexican counterpart 
organizations under the general program of the Sub-

Al
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commission for the Metallogenic Map of the World, 
International Geological Congress.

Study of Nation's silver production

Silver production in the United States as it is affected 
by recent price increases has been reviewed by E. T. Mc- 
Knight (1-62).1 He emphasized the relatively greater 
importance of silver in the early history of many west­ 
ern mining districts. All the major silver districts 
were in full production by 1890 and no new major silver 
districts have been discovered since 1900. Because of 
depletion, many of the former silver-producing districts 
are not longer significant producers. Most of the U.S. 
silver is now a byproduct or coproduct of base-metal 
ores, and few mines are worked mainly for silver. Gold 
ores have produced less silver than lead and copper ores. 
Any significant rise in the price of silver will encourage 
development of base-metal ores that contain appreciable 
silver, but the number of mines whose production would 
be stimulated by a rise in price of silver is small. No 
large increase in U.S. production could be expected if 
the price of silver were raised considerably above the 
present level.

Resources of Montana summarized

The U.S. Geological Survey (21-63), in cooperation 
with the Montana Bureau of Mines and Geology, has 
summarized the mineral and water resources of Mon­ 
tana. Known and potential mineral and mineral-fuel 
raw materials (including among the heavy metals 
chromium, copper, gold, iron, manganese, molybdenum, 
silver, lead and zinc, tungsten, and others) are de­ 
scribed, located on maps, and discussed in terms of the 
economic and geologic factors that may affect their 
further development and use.

HEAVY METALS

IRON 

Aeromagnetic studies in Michigan

Aeromagnetic studies of the Upper Peninsula of 
Michigan are providing new information on the meta­ 
morphosed sedimentary iron-formations and associated 
rocks. J. E. Gair and J. E. Case find that magnetic 
anomalies in the Marquette district are related to four 
groups of rocks: (1) prominent highs of up to 20,000 
gammas occur over magnetic iron-formation of the

Animikie Series; (2) discontinuous highs of up to 8,000 
gammas are found over serpentinized peridotite; (3) 
the pre-Animikie gneissic basement is characterized by 
discontinuous highs and lows of low to moderate ampli­ 
tude, and the magnetic contours generally parallel the 
grain of the rocks; and (4) large magnetic lows are 
associated with east-trending negatively polarized Ke- 
weenawan diabase dikes. These magnetic character­ 
istics enable major rock units to be traced beneath 
glacial cover with some confidence.

A restudy of the Gogebic Range in cooperation with 
the State was initated in 1962.ia Aeromagnetic surveys 
in conjunction with geologic mapping show, in addition 
to an anomaly over the eastern end of the principal 
iron-formation belt, a number of magnetic features 
south of the belt. Some, which were known in a gen­ 
eral way from old ground surveys, are associated with 
iron-formation of the Marenisco and Turtle Ranges; 
others are in areas of very poor exposures and cannot 
yet be ascribed to known geologic features.

Iron deposits in Montana

K. L. Wier reports that the Black Butte iron deposit 
in the Gravelly Range, Madison County, Mont., is, like 
nearby deposits, a metamorphosed sedimentary quartz- 
magnetite iron-formation of Precambrian age that oc­ 
curs with quartzite, mica-staurolite-andalusite schist, 
metadiabase, and metagabbro. The iron-formation ap­ 
pears to be about 50 feet thick; it is, however, tightly 
folded in places and faulted into segments. Thick 
Paleozoic sedimentary rocks conceal any northwestern 
extension, and Tertiary volcanic rocks cover the south­ 
eastern end.

Iron ore in Nevada

The iron that was deposited by hydrothermal proc­ 
esses in a volcanic sequence of Jurassic (?) age in the 
northern Cortez Mountains, Eureka County, Nev., 
probably was derived from nearby Early Cretaceous (?) 
intrusive rocks during the deuteric stage of their cry­ 
stallization, according to L. J. P. Muffler.2 Extensive 
sericitization and kaolinization of the host rock accom­ 
panied the mineralization.

Magnetite deposits in Alaska

The presence of several pyrometasomatic magnetite 
deposits in the North Bradfield River area of south­ 
eastern Alaska is reported by E. M. MacKevett, Jr.,

1 Articles in chapters B and C of Professional Paper 475 are cited as 
follows: Sundelius (Art. 12) ; contents of these chapters are listed 
by article number, beginning on page A199. References to other re­ 
ports published in fiscal year 1963 are cited as follows: McKnight 
(1-62), which is the first citation for McKnight for the year 1962, in 
the list of publications starting on page A203. All other references 
are given in footnotes.

la Philbin, P. W., and Vargo, J. L., 1963, Aeromagnetic map of cen­ 
tral Gogebic County, Michigan., and vicinity: U.S. Geol. Survey open- 
file report.

8 Muffler, L. J. Patrick, 1962, Geology of the Frenchie Creek quad­ 
rangle, north-central Nevada: U.S. Geol. Survey open-file report, 175 p., 
2 pi., 34 figs.
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and M. C. Blake, Jr.3 The deposits occur in skarn 
together with gneiss, granulite, schist, and marble that 
make up a northwest-trending roof pendant in the com­ 
posite Coast Eange batholith.

COPPER 

Buried intrusive body near Ely, Nev.

A combined geochemical-geophysical-geologic study 
in eastern Nevada by A. L. Brokaw, G. B. Gott, D. R. 
Mabey, and J. H. McCarthy, Jr. (1-62, 2-63) has indi­ 
cated the possibility of important new ore deposits near 
the Ely mining district. Geologic mapping revealed 
structural irregularities and rock alteration, suggesting 
that the Ward Mountain area of the Egan Range con­ 
tains concealed intrusive rocks and possibly accumula­ 
tions of metals of economic value. An aeromagnetic 
survey made to test this hypothesis revealed a large 
magnetic anomaly similar to that caused by the miner­ 
alized intrusive body near Ruth, Nev. This discovery 
prompted a geochemical study which showed anomalous 
concentrations of silver, molybdenum, copper, and sev­ 
eral other metals in jasperoid (altered limestone) and 
iron-rich fracture fillings along and adjacent to major 
faults directly over the magnetic anomaly. These high 
concentrations of metals may represent a leakage halo 
from metal deposits in and near the postulated buried 
intrusive.

Arizona

In the Pima copper district, Arizona, large-scale map­ 
ping by J. R. Cooper has yielded structural data of pos­ 
sible importance in the search for concealed deposits. 
In and near the San Xavier mine, Paleozoic rocks con­ 
tain slices of Cretaceous (?) rocks in an imbricate pre- 
ore fault zone that trends east and is bordered on the 
south by a large parallel syncline of Cretaceous (?) 
rocks. East of the mine, in the Helmet Peak area, the 
imbricate zone extends south in a narrow anticline that 
pierces the Cretaceous syncline normal to its trend. If 
one removes post-ore rotation indicated by the present 
attitude of the Helmet Fanglomerate of Miocene(?) 
age, the structure suggests nappes that rode northeast­ 
ward and were in part buckled up later in a diapir fold. 
If this interpretation is correct, the fault zone mineral­ 
ized at the San Xavier mine must continue somewhere 
to the east where bedrock is almost entirely concealed by 
alluvium.

Isotopic ages determined on 13 igneous rocks in 7 
copper-mining districts in Arizona are reported by S. C. 
Creasey and R. W. Kistler (1-62). In 6 of these dis­

tricts, rocks that antedate the deposition of ore range in 
age from 72 to 56 million years; as geologic evidence 
favors a reasonably close spatial and temporal relation­ 
ship of these rocks to the ores, these dates afford support 
for the concept of a Laramide (early Tertiary) period 
of mineralization in southeastern Arizona. In the 7th 
district, at Bisbee, a granitic rock was dated at about 
170 m.y., but its relation to the ore is uncertain and no 
unequivocal dating of mineralization is yet possible.

Idaho

In the Lemhi Pass area, Lemhi County, thorite- and 
copper-bearing veins contain up to 2 percent ThO2 and 
may have economic value. W. N. Sharp and W. S. 
Cavender (1-62) distinguish four types of veins: (1) 
quartz-hematite-thorite, (2) quartz-copper sulfide- 
thorite, (3) quartz-copper sulfide, and (4) quartz-hema­ 
tite veins. Most are small, but a few range up to 30 
feet in width and several hundred feet in length.

Southeastern United States

Cupriferous pyrite or pyrite-pyrrhotite deposits oc­ 
cur in a variety of metamorphosed rocks in the Blue 
Ridge and Piedmont provinces. According to Espen- 
shade 4 the Fontana and Hazel Creek deposits, Swain 
County, N.C., are in phyllite; the Toncrae deposit, 
Floyd County, Va., is in garnet-quartz-mica gneiss; and 
the Stone Hill deposit, Cleburne and Randolph Coun­ 
ties, Ala., is in hornblende schist. The deposits range 
from tabular lenses to elongate pods that parallel linea- 
tion in the enclosing rock.

Rubidium-strontium and potassium-argon age deter­ 
minations have been completed on vein hornblende and 
on vein and wall rock biotite at the Ore Knob copper 
mine, North Carolina, by H. Thomas, R. F. Marvin, 
F. G. Walthall, and C. E. Hedge of the U.S. Geological 
Survey. These indicate that the ore deposit was formed 
in middle Precambrian time and was subjected to 2 
periods of metamorphism tentatively placed at about 
330 and 450 m.y. ago. This confirms geologic evidence 
of metamorphism of the ore previously reported (Kin- 
kel,l-62).

LEAD, ZINC, AND RELATED ORES 

Central and Eastern States

Continuing studies of various aspects of the so-called 
Mississippi-Valley-type deposits have brought out fur­ 
ther details of the occurrence of these ores and of the 
structures associated with them. For example, T. H. 
Kiilsgaard, A. V. Heyl, and M. R. Brock (1-63) de-

"MacKevett, BJ. M., Jr., and Blake, M. C., Jr., 1963, Geology of the 
North Bradtfield River iron prospect, southeastern Alaska: U.S. Geol. 
Survey Bull. 1108-D. [In press]

* Bspensihade, G. H., 1963, Geology of some copper deposits in North 
Carolina, Virginia, and Alabama: U.S. Geol. Survey Bull. 1142-1. 
[In press]
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scribe shatter cones, intrusive breccias, and post-breccia 
sulnde mineralization at the Crooked Creek disturbance 
in southeast Missouri. The location of the disturbance 
at the intersection of regional faults, and its internal 
structures indicate to them that the disturbance was 
caused by a subterranean gaseous explosion rather than 
by meteorite impact as some have suggested. The same 
men have also examined the Decaturville disturbance 
about 70 miles to the west and find that it is probably 
also located at the intersection of region-wide struc­ 
tures. The latter disturbance shows many of the same 
features; it has undergone at least three well-defined 
periods of brecciation and mineralization.

Heyl and his coworkers point out apparent relation­ 
ships between many of the zinc, lead, fluorite, and barite 
districts of the central craton and major tectonic fea­ 
tures, including broad folds, extensive fault systems, 
seismically active zones, and perhaps alkalic intrusions. 
Some of these features were compiled on a "Preliminary 
Metallogenic Map of Part of the Eastern United States 
and Canada" that was exhibited in Paris at the meeting 
of the Commission for the Geologic Map of the World 
in December, 1962.

Clay-alteration studies by X-ray analysis have been 
carried out by A. V. Heyl, John Hosterman, and M. K. 
Brock on specimens collected from zinc deposits in 
southwestern Wisconsin. Illite, muscovite, and mixed- 
layer clays formed in the deposits, and these minerals 
extend outward in decreasing quantities beyond the 
margins of alteration halos of dolomite. Preliminary 
results suggest that similar clays occur in the Kentucky- 
Illinois fluorite-zinc district.

Recent fieldwork by D. M. Pinckney in the Cave-in- 
Rock area of the Kentucky-Illinois district supports 
the theory that ore-depositing solutions reached the 
limestone host rock from depth through fractures or 
pipelike slump areas due to solution of the limestone. 
Detailed mapping shows that early minerals are lo­ 
calized near the feeder structure, whereas later minerals 
or later stages of a given mineral extend farther from 
the points of ingress of the solutions.

T. H. Kiilsgaard finds that geochemical study of soil 
samples from the southeast Missouri lead district does 
not reveal anomalous concentrations of copper, lead, 
zinc, or cobalt along the faults of the district, either 
above known ore deposits containing these metals or 
away from them.

Replacement deposits, Eureka, Nev.

In a comprehensive report on the Eureka mining dis­ 
trict, Nevada, T. B. Nolan (1-62) describes the ore 
bodies at Eureka as among the first of the large replace­ 
ment deposits in carbonate rocks to be mined extensively

in the West. Peak production from the district was in 
the interval 1870-90, and total value of metals mined 
since 1866 is estimated at about 122 million dollars. 
The replacement bodies are of 5 general types: irregular 
replacements, bedded replacements, fault-zone replace­ 
ments, disseminated deposits, and contact metasomatic 
deposits. Most of the ore has come from the irregular 
replacement deposits, chiefly from the Eldorado Dolo­ 
mite of Middle Cambrian age. Almost all the produc­ 
tion lias been lead, silver, and gold from oxidized ores. 
Below the water table are sulfide ores having a much 
higher zinc content, but attempts to mine them have 
been hampered by great volumes of water.

Exploration in East Tintic district, Utah

Continued drilling by private interests in the East 
Tintic mining district, Utah, has disclosed the con­ 
cealed position of the ore-localizing East Tintic thrust 
fault to a point 1% miles north of the area where it 
was discovered by the Bear Creek Mining Co. through 
application of principles developed by the Geological 
Survey.5 Several exploration holes drilled during the 
latter half of 1962 intercepted ore bodies of commercial 
size and grade close to the thrust in a previously unex­ 
plored area. These ore bodies are as far as a mile from 
the nearest previously known ore bodies and represent 
entirely new discoveries. Additional holes are cur­ 
rently being drilled to evaluate the discoveries and to 
determine the extent of the mineralization as well as to 
trace the thrust fault beneath the lava flows that con­ 
ceal it.

Darwin district, California

According to W. E. Hall and E. M. MacKevett, Jr., 
(1-62) lead-silver-zinc deposits in the Darwin district, 
Inyo County, Calif., are bedded replacements, veins, 
and pipelike masses in limestone near a quartz monzo- 
nite intrusion. Near the surface the sulfide ores have 
been largely oxidized to limonite, jarosite, cerussite, and 
hemimorphite; at depth the ratio of zinc to lead in­ 
creases and silver is less abundant. Since 1942 most 
production has come from the sulfide ores, chiefly from 
the Darwin mine.

GOLD AND SILVER 

Central City, Colo.

P. K. Sims and P. B. Barton, Jr. (1-62) call attention 
to well-defined concentric zones of gold, silver, and base-

6 Layering, T. S., and Morris, H. T., 1960, U. S. Geological Survey 
studies and exploration, pt. 1, in Bush, J. B., Cook, D. R., Levering, 
T. S., and Morris, H. T., The Chief Oxide-Burgin area discoveries, East 
Tintic district, Utah, a case history: Econ. Geology, v. 55, no. 6, p. 
1116-1147.
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metal deposits in the Central City district, Colorado. 
A core of pyrite-quartz veins is surrounded by an outer 
zone of veins containing dominant galena and sphaler­ 
ite in a gangue of quartz or, less commonly, rhombo- 
hedral carbonates, barite, or fluorite. Veins in the 
transitional area contain pyrite, copper minerals, ga­ 
lena, and sphalerite. Systematic changes in gold and 
silver content, in metal ratios, and in mineral textures 
mark the transition from the core outward. Most of 
the sulfide ore and the gold and silver were deposited in 
the intermediate and peripheral zones of the district.

Gold in Wyoming

Geologic mapping recently completed by R. W. Bay- 
ley in the Atlantic district, Fremont County, Wyo., has 
shown that, with few exceptions, the gold deposits of the 
district are related to shear zones within and marginal 
to a prominent belt of metagabbro that trends north­ 
easterly across the district. Eighty assays of samples 
taken from test pits along the belt indicate that the 
exposed quartz veins are generally barren. Without a 
known exception the areas of valuable ore were found 
by the early explorers, and these areas are now marked 
by numerous abandoned shallow mines. There is doubt­ 
less gold in the ground but it apparently cannot be 
mined at a profit by the methods used in the past. The 
future of the district as a gold producer would seem to 
depend on the consolidation of contiguous properties 
and the intelligent development of deep mines by utiliz­ 
ing all modern techniques.

MERCURY 

Hot-springs deposits in California

The Sulphur Bank mercury deposit in California, 
studied by D. E. White and C. E. Roberson (1-62), is 
the most productive deposit in the world that is clearly 
related to hot springs. The ore is late Quaternary and 
is localized immediately below the water table in an- 
desite. Native sulfur without cinnabar was abundant 
near the surface, but as mining approached the water 
table, the amount of sulfur decreased and cinnabar be­ 
came abundant. The principal ore bodies were at and 
below the water table; they consisted of cinnabar, mar- 
casite, pyrite, dolomite, calcite, quartz, a zeolite mineral, 
and all the minerals of the original rocks. Metacinna- 
bar and stibnite were locally common.

The present rate of discharge of water of deep origin 
is calculated to be about 50 gpm. Present temperatures 
are relatively low compared with those of other hot- 
spring systems of clearly volcanic origin. The heat 
flow is on the order of 200,000 cal per sec, or about 12 
times "normal" for the area. The heat is almost cer­ 
tainly volcanic in origin, but, despite association with

Quaternary volcanic rocks and volcanic heat, the chemi­ 
cal and isotopic compositions of the water and gases now 
being discharged indicate that these fluids are nonvol- 
canic in origin.

Cinnabar in Alaska

A new occurrence of cinnabar was found by J. M. 
Hoare and W. H. Condon while mapping the geology 
of the Holy Cross quadrangle in western Alaska. Thin 
films of drusy cinnabar with small blebs of stibnite oc­ 
cur in highly altered rhyolite in a small area about 2 
miles northwest of Wolf Creek Mountain. The find 
extends the known area of quicksilver mineralization 
about 100 miles northwest from previously known oc­ 
currences in the vicinity of the Iditarod and Kusko- 
kwim Rivers. Specimens obtained from the locality do 
not contain commercial quantities of the metal, but they 
show that quicksilver mineralization is present and 
suggest that careful prospecting of the area, much of 
which is underlain by hydrothermally altered rhyolite, 
may reveal minable deposits.

TOPICAL STUDIES 

Structural control of ore deposits in Idaho

B. F. Leonard has found that the central segment of 
a major silicified zone on Big Chief Creek, Yellow Pine 
quadrangle, Idaho, shows pinching and swelling simi­ 
lar to that previously mapped in the parallel Johnson 
Creek silicified zone which lies 8 miles to the west. De­ 
posits of gold, antimony, and tungsten occur in bulges 
in the Johnson Creek zone. This suggests that similar 
bulges in the Big Chief zone may be favorable sites for 
ore deposition. Only the narrow interbulge segments 
of this zone have previously been prospected. Much of 
the zone is deeply weathered; other parts are covered 
by glacial debris.

Rutile in metamorphosed carbonate bodies in Idaho

R. L. Parker reports that rutile is present in meta­ 
morphosed carbonate bodies near Acorn Butte, lower 
part of Big Creek, Valley County, Idaho. The meta- 
carbonatites( ?) are separated from the Ramey Ridge 
Complex of saturated alkalic syenite (Leonard, 1-63) 
by metasedimentary rocks and by coarse hornblende- 
bearing rocks that may represent either mafic alkalic 
intrusives or old metavolcanics reconstituted during 
emplacement of the syenite complex. The relations be­ 
tween metacarbonatite(?) and uncontaminated facies 
of the Ramey Ridge Complex have not been determined, 
but the bodies near Acorn Butte are somewhat like those 
studied by E. P. Kaiser, R. L. Parker, and others on the 
West Fork of the Bitterroot River, Ravalli County, 
Mont., and north of Shoup, Lemhi County, Idaho.
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Use of isotopes in exploration in Utah

Studies by T. S. Levering, J. H. McCarthy, and 
Irving Friedman (Art. 1) of the isotopic composition 
of oxygen and carbon in carbonate rocks and manganese 
carbonate replacement ore in the Drum Mountains 
of Utah show that within a single bed the O18/O16 per 
mil (%0 ) values may range from +5.0 to +19.0, a 
range of 14°/00 . The range of C13/C12 ratios within a 
single bed is no more than 0.9%0 , but the averages of 
the C13/C12 for the individual beds range from +0.1%0 
to   3.2°/00 for the six beds sampled. Where the 
changes in the carbon isotopes are substantial in a 
vertical sequence of beds, the C13/C12 ratios may help 
greatly in solving correlation problems, especially in 
comparing altered carbonate strata with the unaltered 
strata, both in drill core and in outcrop. The change 
in the O18/O16 ratio is clearly related to distance from 
hydrothermal conduits, the O18/O16 value decreasing as 
the source or conduit is approached. This change must 
reflect the equilibration of the oxygen of the original 
carbonate with the hot aqueous solutions that altered 
the rock. The lack of change in the C13/C12 ratio sug­ 
gests that the hot solutions originally carried almost no 
soluble carbon compounds and, as neither fluorite nor 
anhydrite is present, the hydrothermal solution that 
changed the limestone to dolomite and the dolomite to 
manganese carbonate was probably a chloride solu­ 
tion, low in CO3-2, SO4-2, and F-1 .

LIGHT METALS AND INDUSTRIAL MINERALS 

BERYLLIUM

The highlight of a diverse series of investigations 
involving beryllium was the discovery by C. L. Sains- 
bury of new deposits in the Lost Kiver area, western 
Seward Peninsula, Alaska. Study of beryllium asso­ 
ciated with granitic rocks in central Colorado was 
continued by C. C. Hawley and W. N. Sharp. Inter­ 
est in beryllium associated with volcanic rocks con­ 
tinues to be generated by exploration activity in which 
several companies are engaged, especially at Spor 
Mountain, Utah. U.S. Geological Survey work on the 
distribution of beryllium in volcanic rocks throughout 
the West indicates that metallogenic provinces in beryl­ 
lium can be recognized. These and other beryllium 
investigations have been greatly aided by design refine­ 
ments in the gamma-neutron beryllium analyzer in­ 
stalled at Denver, Colo., with which as little as 1 part 
per million beryllium can be detected.

Beryllium in Alaska

The beryllium deposits of the Lost River area, 
Alaska, which previously had been known mainly for

its tin, are described by Sainsbury 6 as replacement 
bodies taking the form of veins, pipes, and irregular 
stringer lodes. Analyses of bulk samples of ore range 
from 0.11 to 0.54 percent beryllium. Four mineralized 
areas have been recognized in a zone 7 miles long by 
2 to 3 miles wide. The dominant beryllium minerals 
are chrysoberyl and euclase, but additional beryllium 
minerals have also been detected. The modal compo­ 
sition of typical ore is fluorite (45-63 percent), dia- 
spore (5-10 percent), tourmaline (0-10 percent), and 
mica (0-5 percent). The host rock is limestone, which 
has been faulted and intruded by rhyolite and diabase 
dikes and by granite stocks. Geochemical reconnais­ 
sance indicates that other areas in the Seward Penin­ 
sula have an anomalously high content of beryllium 
in stream sediments; more discoveries of ore deposits 
in nearby rocks may be anticipated.

Beryllium with tin in Virginia

The tin locality at Irish Creek, Va., resembles the 
Lost River area, and for this reason has been sampled 
to ascertain its potential for beryllium. Results re­ 
ported by F. G. Lesure and others (Art. 3) show that 
there is indeed enough beryllium to warrant more 
thorough exploration at Irish Creek.

Beryllium-rich granites in Colorado

Investigations of beryllium-rich granites and their 
late magmatic derivatives have been made mainly in 
parts of the Pikes Peak batholith of the Front Range 
and in the, Mount Antero Granite of the Sawateh 
Range, Colo. Only the Boomer mine, which is in a 
quartz-beryl vein near Lake George, Colo., has thus 
far been productive, but other localities are either of 
potential economic value or will at least serve to clarify 
petrogenetic problems involved in the development of 
beryllium-rich rocks.

At Mount Antero, leucocratic granite forms a well- 
defined stock, roughly oval in shape, and 3 by 4 miles 
in dimensions at the surface; it is accompanied by 
dikes and other satellitic bodies that are lithologically 
similar to the main intrusive but have a smaller grain 
size. W. N. Sharp finds that virtually all of the sig­ 
nificant concentrations of beryllium are in the western 
part of the main intrusive and in nearby satellites. In 
this area the granite has miarolitic cavities and pegma­ 
tites, and is in part altered to clay, carbonate, or sili­ 
ceous materials. These characteristics, together with 
quartz veins and greisen in the country rock and in 
satellitic intrusives, suggest the influence of late mag-

8 Sainsbury, C. L., 1962, A new occurrence of beryllium minerals on 
the Seward Peninsula, Alasfea: U.S. Geol. Survey open-file rept.,, 10 p.

    1963, Beryllium deposits of the western Seward Peninsula, 
Alaska: U.S. Geol. Survey Circ. 479, 18 p.
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matic fluids, largely gaseous. Beryllium minerals oc­ 
cur in the granite and in its miarolitic cavities, as well 
as in the pegmatites and quartz veins. Beryllium min­ 
erals probably also are in topaz-molybdenite greisens, 
but the data from these are not yet complete. Beryl- 
rich aggregates in granite contain most of the beryl­ 
lium thus far detected; the largest of these are only 
about 15 feet in diameter.

An association of beryllium with late magmatic de­ 
rivatives and metasomatic products is also noticeable 
in the Mount Rosa area, El Paso County, Colo. Here 
beryllium is found in notable amounts in red-brown 
masses filling spaces between quartz and feldspar in 
altered pegmatitelike bodies associated with the Mount 
Rosa Granite, which is a facies of the Pikes Peak 
Granite. The red-brown material is a finely layered 
mixture of quartz and hematite-stained bertrandite. 
It probably formed by alteration of primary astro- 
phyllite and beryl.

Continued study of the Lake George area, Colorado, 
by C. C. Hawley 7 has further clarified the geology of 
beryllium-bearing greisens that are associated with 
medium- to fine-grained late phases of the Pikes Peak 
Granite. Age determinations by K-Ar and Rb-Sr 
methods and isotopic analysis of galena confirm that 
the fine-grained varieties of granite, muscovite in the 
greisens, and galena from the Boomer mine are all of 
approximately the same age as the Pikes Peak batho- 
lith. The late varieties of granite form simple and 
composite plutons emplaced in the typical coarse­ 
grained Pikes Peak Granite and in older igneous and 
metamorphic rocks. Two plutons were recognized pre­ 
viously, one a lobelike body about 4 miles across, ex­ 
tending southward from the main Pikes Peak batho- 
lith, and the other a small stock at the Boomer mine. 
The stock is only about 500 feet wide on the surface, 
but mine workings driven in 1962 show that it is 
about 900 feet across at a depth of 100 feet, thus effec­ 
tively enlarging the prospecting area near the Boomer 
mine. A third pluton about half a mile across was 
mapped during 1962. Beryllium deposits in the newly 
mapped pluton are in or adjacent to fine-grained 
granite very similar to that forming the stock at the 
Boomer mine.

The late varieties of granite are rich in fluorine; one 
facies averages 0.47 percent F, and other facies are only 
slightly less rich in fluorine. In the main pluton of the 
area, progressively younger facies of the granite are 
characterized by decreasing amounts of silica and 
potash and increasing amounts of soda, and by a higher

7 Hawley, C. C., 1963, Genetic relation of Pikes Peak Granite and 
beryllium-bearing greisens, Lake George area, Park County, Colo.: 
Geol. Soc. America, Rocky Mtn. Sec., 16th Ann. Mtg., Albuquerque, 
N. Mex., Program, p. 28.
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muscovite-biotite ratio and lower amounts of plagio- 
clase relative to potassic feldspar. Fine-grained gran­ 
ite, which occurs locally as a border facies of the main 
pluton and is also found in the two smaller plutons, is 
appreciably more silicic and sodic than the granite 
facies of the main pluton, or indeed than most magmatic 
granites. It contains abundant late quartz, albite, and 
locally muscovite, and it is associated with beryllium- 
bearing greisen. The progressive changes are con­ 
sistent with a working hypothesis that the volatile 
material tended to accumulate in the magma at a 
late stage to form rocks richer in soda and muscovite 
than those which crystallized from earlier and drier 
magma. The ultimate effect locally was to produce 
aqueous, fluorine-rich residual solutions that formed 
greisen pipes, veins, and irregular bodies.

The beryllium-bearing greisens consist mainly of 
BeO, SiO2 , A12O3 , K2O, and (H2O, F), which are pres­ 
ent in the minerals beryl, bertrandite, topaz, muscovite, 
and quartz. These ore-bearing greisens generally occur 
within an envelope of barren greisen, which carries 
appreciable amounts of FeO, Fe2O3, and CaO. The 
dominant mineral assemblages of the ore-bearing 
greisens are quartz-beryl-muscovite and quartz-ber- 
trandite-muscovite; others are quartz-beryl-topaz- 
muscovite and quartz-beryl-bertrandite-muscovite. The 
quartz-bertrandite-muscovite assemblage is largely sec­ 
ondary after assemblages containing beryl. In places, 
however, it appears to be the primary beryllium-bear­ 
ing assemblage.

Beryllium associated with fluorine

The association of beryllium with fluorine has been 
of special interest in work on volcanic rocks. The con­ 
tent of beryllium and fluorine has been determined 
(Coats and others, 2-62; Coats and others 8 ), as well as 
the content of several other elements, in about 175 
samples of rhyolitic and rhyodacitic Tertiary volcanic 
rocks, mostly glassy, collected in Washington, Oregon, 
California, Idaho, Nevada, Arizona, Montana, Wyom­ 
ing, Utah, Colorado, New Mexico, and Texas. Both 
elements have log-normal distribution, and there is a 
strong positive correlation between them. The regional 
distribution of these elements is nonrandom, and sug­ 
gests that metallogenic provinces in which beryllium 
occurs can be delineated. The highest values are 
mainly in west Texas, west-central New Mexico, south- 
central Colorado, and in a region including western 
Wyoming, western Utah, northeastern Nevada, and 
southeastern Idaho. The distribution of beryllium in 
volcanic rocks may give clues to the location of areas

» Coats, R. R., Gos/s, W. D., and Rader, L. F., 1963, Distribution of 
fluorine in unaltered) silicic volcanic rocks of the western conterminous 
TMitedl States: Am. Jour. Sci. [In press]
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where minable deposits of beryllium minerals may be 
expected to occur.

A study of 170 samples of silicic volcanic glass, re­ 
ported by Griffitts and Powers (Art. 5), also shows a 
correlation between the content of beryllium and that 
of fluorine. They find, however, that suites of geneti­ 
cally or geographically related samples may not have 
the unimodal log-normal distribution found in the 
more heterogeneous group of samples used by Coats 
and others.

At Spor Mountain, Utah, the high fluorine content 
of the rocks has long been known. In fact, its presence 
played a role in attracting exploration geologists who 
suspected that it might be a useful guide in the search 
for beryllium, and in this way it contributed to the 
original beryllium discoveries in 1959 and 1960. W. R. 
Griffitts and L. F. Rader (Art. 4) have now published 
the results of a quantitative study of the relation be­ 
tween beryllium and fluorine in the mineralized tuffs 
of this locality. They found not only that there is a 
direct correlation between the content of beryllium 
and the content of fluorine, but also that the samples 
are grouped in two concentration ranges 1,000 ppm 
beryllium or more in ore, and 100 ppm beryllium or 
less in widespread altered rock elsewhere. The maxi­ 
mum beryllium content probably lies between 7 and 
10 percent, associated with a fluorine content of about 
30 percent.

A detailed map and a description of the Spor Moun­ 
tain deposits and their geologic setting have been made 
by M. H. Staatz (2-63). These deposits are spatially 
associated with a thick sequence of topaz-bearing rhyo- 
litic flows and pyroclastic rocks, and the fluids from 
which they were formed seem to have been derived 
from the rhyolitic magmas during the waning stages 
of volcanism. Staatz argues that the beryllium was 
carried as a soluble complex fluoride, and that the 
fluoride rose along the faults of the western part of 
the Thomas Range. The fluids formed fluorspar de­ 
posits in the central part of the district, but as the 
fluoride content of these fluids was still high, the 
beryllium complex did not break down. As the fluids 
moved into the outlying regions, the fluoride content 
was reduced and the beryllium precipitated.

Relation of beryllium to chemical content of rocks

D. R. Shawe and Stanley Bernold have been com­ 
piling data on igneous rocks from all over the world 
for which there are both chemical analyses for major 
components and spectrographic analyses for beryllium. 
Preliminary results indicate that this approach may 
cast light on the relation of beryllium content to 
chemical composition, geologic setting, and geographic

location of the rocks. The approach should also 
serve to clarify the role of magmatic differentiation in 
concentrating beryllium. Though this work partly 
confirms the established belief that beryllium tends to 
be enriched in silicic and alkalic rocks, it also shows 
that for rocks with an unusually high beryllium con­ 
tent there is a reversal such that silica and alkali de­ 
crease as beryllium increases. Furthermore, hyp- 
abyssal and plutonic rocks tend to be richer in beryllium 
than volcanic rocks. Both of these observations cast 
suspicion on the concept that magmatic differentiation 
of igneous rocks is virtually the sole means of con­ 
centrating beryllium and controlling its distribution. 
The distribution of volatiles may be more important. 
Beryllium, wherever it is abundant in plutonic rocks, 
is in pegmatites, greisens, and allied rocks that were 
high in volatiles that could not escape from a deep- 
seated environment.

BAUXITE AND CLAY

A new estimate of the world's bauxite reserves and 
submarginal resources has been completed by S. H. 
Patterson, and a summary is published in Article 41. 
World reserves of bauxite are now estimated to be 5.7 
billion tons, and additional submarginal resources are 
8.7 billion tons. These figures, based on review of more 
than 200 published articles, are more than triple those 
presented by Fischer.9 Vigorous exploration in the 
10 years since then has resulted in many discoveries, 
especially the very large deposits now known on the 
Cape York Peninsula, Australia, and in the Republic 
of Guinea.

Reserves of bauxite in the United States are less 
than 1 percent of the world total; domestic ore would 
last only about 6 years, at the current rate of con­ 
sumption, if foreign sources now meeting most of the 
requirements were cut off. The country is somewhat, 
better provided with submarginal bauxite that could 
be utilized at costs higher than those currently pre­ 
vailing.

Hawaii

In a report of a field study on aluminous deposits in 
Hawaii, S. H. Patterson (1-62) describes not only 
the bauxite, which is low-grade and ferruginous, but 
also saprolite. Most of the aluminum in the bauxite 
is in gibbsite; the saprolite also contains gibbsite, but 
its aluminum is mainly in halloysite. The saprolite 
contains nearly as much A12O3 as the bauxite, but it 
contains less Fe2O3 and much more SiO2 than the 
bauxite. The resources of low-grade bauxite on Kauai

"> Fischer, E. C., 1953, Sources and reserves, chap. 3 of U.S. Bureau 
of Mines^ Materials survey, Bauxite : 60 p.
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are 110 million tons, West Maui 9 million tons, and 
East Maui 22 million tons. The average composition 
of- deposits on Kauai is 4.7 percent SiO2 , 25.9 percent 
A12O3 , 39.4 percent Fe2O3 , and 6.7 percent TiO2 . 
Deposits on West Maui are 7 percent SiO2 , 38 percent 
A12O3 , 22 percent Fe2O3 , and 4 percent TiO2 ; and on 
East Maui 6.6 percent SiO2 , 33.4 percent A12O3 , 31.4 
percent Fe2O3 , and 6.7 percent TiO2 . Resources of 
gibbsitic saprolite are estimated to be 500 million tons 
on Kauai, 200 million tons on West Maui, and 200 
million tons on East Maui.

X-ray investigation of sieved fractions of samples 
from Kauai indicate that gibbsite tends to be concen­ 
trated in coarse sand and granule-size particles, but 
appreciable amounts are present in finer fractions. 
These results suggest that the bauxite could be up­ 
graded by washing and screening, though the fine­ 
grained gibbsite present in significant proportions 
could not be recovered in this way. The bauxite also 
has titanium, chiefly in titanomagnetite and anatase, 
which are most abundant in the silt- and clay-size 
fractions. Titanium would be difficult to concentrate, 
for it occurs in very fine grained minerals.

Plastic clay is associated with peat at 5 scattered 
localities on Kauai, but firing tests of 20 samples of 
these clays are unencouraging. The clays cracked 
and warped excessively and are unsuitable for ceramic 
products unless double fired or calcined.

New hypothesis for origin of Appalachian deposits

In a review of the bauxite deposits in the Valley 
and Eidge physiographic province, M. M. Knechtel 
(Art. 99) finds evidence for a new hypothesis of their 
origin. Many of these deposits are associated with 
thick accumulations of terra rossa consisting of argil­ 
laceous chert-bearing residual material produced by 
long-continued weathering of sedimentary formations 
of Paleozoic age thatj crop out extensively in this 
province. The gibbsite and kaolinite occurring in all 
the deposits are regarded by Knechtel as products of 
leaching whereby silica has been extracted from alumi­ 
nous minerals present in bodies of terra rossa that be­ 
came entrapped in sink holes at many places and at 
many different times since the close of the Paleozoic 
era. This concept is at variance with the views of 
writers who have suggested that all the bauxite deposits 
in the Valley and Eidge province and on the Atlantic 
Coastal Plain originated in early Tertiary time through 
leaching of finely divided crystalline debris transported 
by streams from outcrops of igneous and metamorphic 
rocks in the Blue Eidge and Piedmont provinces.

Derivation of clay in Washington

Field and laboratory studies by J. W. Hosterman of 
high-alumina clays in Spokane County, Wash., are 
yielding further information about the processes by 
which these clays developed. In particular, the Mica- 
Manito area has three different kinds of clay of three 
somewhat different origins. They include residual 
clays derived from pre-Tertiary metamorphic and 
granodioritic rocks, residual clay derived from Ter­ 
tiary Columbia Eiver Basalt, and transported clays 
of the Latah Formation, also of Tertiary age. The 
clay mineral derived from the metamorphic and gran­ 
odioritic rocks is kaolinite (Al2O3 -2SiO2 -2H2O), and 
the clay mineral derived from basalt is endellite or hy- 
drated halloysite (Al2O3 -2SiO2 -4H2O). Since the 
physical and chemical conditions under which all the 
rocks weathered during Tertiary time is the same, it 
seems that the mineralogic composition of the un- 
weathered rock, especially the nature of its feldspars, 
must control the kind of clay formed. The un- 
weathered metamorphic and grandodioritic rocks con­ 
tain microcline and orthoclase, and fresh basalt con­ 
tains plagioclase (labradorite). Thus it seems that, 
under the same weathering conditions, microcline and 
orthoclase have been converted to kaolinite, and labra­ 
dorite has weathered to endellite. Unweathered feld­ 
spars found in the Latah Formation are microcline and 
orthoclase, and the clay mineral present is kaolinite; 
these circumstances point to a conclusion that the 
Latah Formation is derived from pre-Tertiary rocks.

PHOSPHATE

Evidence is increasing that the phosphorite deposit 
in Beaufort County, N.C., is a major one, of very 
large tonnage. The potential importance of this de­ 
posit was first recognized by P. M. Brown 10 during a 
ground-water study by the U.S. Geological Survey. 
Brown's work is being continued by J. O. Kimrey (1- 
63) and J. B. Cathcart. The deposit has the draw­ 
back that it is overlain by 50 to 250 feet of overburden, 
which will present mining problems, yet exploration on 
the part of private interests is continuing.

The phosphorite, probably of middle Miocene age, 
was deposited in a basin cut into Eocene rocks on the 
flank of the Cape Fear arch. The northeast boundary 
of the deposit is where the phosphorite grades into clay 
with little or no phosphate; the clay grades into 
limestone. The phosphorite elsewhere is restricted by 
the basin edges and does not extend beyond the basin.

10 Brown, Philip M., 1958, The relation of phosphorites to ground 
water in Beaufort County, N.C.: Bcon. Geology, v. 53, no. 1, p. 
85-101.
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Field studies by J. B. Cathcart in northwest Arkan­ 
sas on phosphate of Mississippian age indicate that 
small phosporite deposits, deposited in channels or 
low spots, are limited to an area centering in Searcy 
and Van Buren Counties. The deposits all seem to 
have been laid down in a bay at or close to the shore­ 
line. The deposits are small and contain a maximum of 
about 22 percent P2O5, too little to be economic at the 
present time.

R. W. Swanson has compiled data for phosphate re­ 
sources in the Phosphoria Formation (Permian) in 
central western Montana, north of Butte, in beds 3 feet 
or more thick down to a horizon that lies 100 feet 
below the lowest entry level. He estimates that there 
are 35, 65, and 80 million tons for grade cutoffs of 
31, 24, and 18 percent P2O5 , respectively. If depth is 
disregarded, the total phosphate resources in this area 
are many times as large.

In work on the Phosphoria in the northern part of 
the Snake River Range, M. H. Staatz and H. F. Albee 
have found a notable facies change in the principal 
phosphate horizon, the Meade Peak Phosphatic Shale 
Member of the Phosphoria Formation. In four mea­ 
sured sections along a strike distance of 10.5 miles in 
a single thrust block, the Meade Peak increases in 
thickness from 9.4 to 73 feet. This increase is a con­ 
sequence of the location of the Snake River Range on 
the eastern edge of a miogeosyncline in the zone of 
greatest change during Permian time.

Phosphorite in the Indian Creek area of San Luis 
Obispo County, Calif., has been mapped and sampled 
by Howard D. Gower as the first stage of a study of 
phosphate in California. The phosphate forms small 
pellets that are mainly concentrated in beds 1 to 6 
inches thick in the marine rocks of the Monterey 
Formation. The pelletal phosphate beds are inter- 
bedded with thin beds of porcellanite, diatomaceous 
mudstone, bentonite, and chert. Preliminary exami­ 
nation of the Foraminifera by Patsy J. Smith indi­ 
cates that the phosphatic zone contains a shallow water 
fauna of middle Miocene agre.o

EVAPORITES

Two major conferences on salt took place in the 
United States in 1962, and representatives of the U.S. 
Geological Survey participated in both of them.

One of these was the International Conference on 
Saline Deposits, convened in November 1962 under 
the auspices of the National Academy of Sciences and 
the American Geological Institute, in which a group of 
geologists from many parts of the world held a series 
of symposia on various subjects relating to the geology 
of salt, and also visited important deposits in Utah,

Colorado, New Mexico, Mississippi, and Louisiana. 
During the course of the conferences, E. M. Shoe­ 
maker and D. P. Elston (1-63) described the struc­ 
ture and geologic history of the salt anticlines and 
their evaporite cores in the Paradox Basin, Colorado 
and Utah. C. L. Jones presented one paper (2-63) on 
the cyclic units of halite, anhydrite, and carbonate 
rocks of the Paradox region, and another (1-63) on 
similar cyclic units of southeast New Mexico, where 
later replacement processes gave rise to extensive de­ 
posits mined for potash. Papers on the Tatum salt 
dome, southeast Mississippi, which is the proposed 
site of experiments to ascertain the seismic effects of 
underground nuclear explosions, were presented by 
D. H. Eargle (1-63), who described the regional set­ 
ting, and by J. Schlocker (1-63), who described the 
mineralogy of the vertically layered halite and anhy- 
dritic halite rock of the salt stock and also the min­ 
eralogy of the cavernous limestone and the anhydrite 
of the caprock.

Another salt conference, held at Cleveland, Ohio, 
May 1962, under the auspices of the Northern Ohio 
Geological Society, involved many phases of the tech­ 
nology of salt, as well as the geology of salt deposits, 
mainly those of marine origin. Ward C. Smith (1- 
63) reported on salt deposits in desert basins of the 
western United States.

Death Valley, Calif., region

The Furnace Creek borate area, in the Death Valley 
region, California, has been the object of study by J. F. 
McAllister to clarify knowledge of the stratigraphic 
and structural setting of the productive colemanite- 
ulexite-probertite deposits, and thus to aid exploration 
for concealed deposits in the favorable zone of the 
Furnace Creek Formation. The borate area itself 
has been mapped in detail.

The age of the Furnace Creek Formation is con­ 
sidered Miocene or Pliocene, but on the basis of dia­ 
toms, K. E. Lohman is of the opinion that the age 
should be early and middle Pliocene. An incomplete, 
partly altered diatom assemblage from the upper­ 
most part of the underlying Artist Drive Formation 
is early Pliocene in age; a similar assemblage from 
the lower part of the Furnace Creek Formation is also 
early Pliocene; and an abundant and well-preserved 
diatom assemblage in the uppermost part, above the 
borate deposits, is middle Pliocene. Unconformably 
above deformed Furnace Creek and Artist Drive are 
pumice beds of the Greenwater Volcanics, which thin 
to an edge under basaltic flows of the Funeral Forma­ 
tion in the Greenwater Range.
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An outlying colemanite-ulexite-probertite deposit in 
the Resting Springs Range near Shoshone, Calif., 30 
miles southeast of the Furnace Creek area, is in Ter­ 
tiary sedimentary rocks under as much as 800 feet of 
pumice and welded tuff, which lapped over an irregular 
topography on Precambrian and Cambrian rocks. The 
older rocks here consist of the Stirling Quartzite, Wood 
Canyon Formation, Zabriskie Quartzite of Hazzard, 
1937, Carrara Formation, and Bonanza King Forma­ 
tion. All of these units are thrust over the Konanza 
King along a southward-dipping surface that crosses 
the range.

PEGMATITES

Black Hills

A series of publications now being issued treat the 
pegmatites and regional geology of the southern Black 
Hills, S. Dak. (Kupfer, 1-63; Norton and others, 1-62; 
Norton and others;" Redden; 12 and Staatz and 
others 13 ). This pegmatite area has been a major 
source of potash feldspar, mica, beryl, and lithium 
minerals.

The core of the Black Hills, which contains the 
pegmatites, consists entirely of Precambrian rocks. A 
thick sequence of metasedimentary rocks, together with 
a few bodies of metaigneous amphibolite, is intruded by 
the Harney Peak Granite and several thousand satel- 
litic pegmatites. Schists nearest the granite carry silli- 
manite; farther away the highest grade mineral is 
staurolite, and still farther away is a garnet zone. Sev­ 
eral sets of folds have been detected in the metasedi­ 
mentary rocks, and large faults have been mapped.

The pegmatites, which are undeformed and unmeta- 
morphosed, are divisible into three categories: 1) 
layered pegmatites, in which the most evident struc­ 
ture is layering caused by difference in texture and 
composition; 2) homogeneous pegmatites, consisting 
predominantly of quartz and feldspar with little 
change from one part of a pegmatite to another; and 
3) zoned pegmatites. The name Harney Peak Granite 
is simply a general term applied to the larger bodies of 
layered pegmatites; no distinction between the lithol- 
ogy of the "granite" and the lithology of the pegma­ 
tites can be made. The zoned variety of pegmatite is

11 Norton, J. J., and others, 1963, Geology and mineral deposits of 
some pegmatites in the southern Black Hills, South Dakota: U.S. Geol. 
Survey Prof. Paper 297-E. i[In press]

u Redden, J. A., 1963, Geology and pegmatites of the Fourmile quad­ 
rangle, Black Hills, South Dakota: U.S. Geol. Survey Prof. Paper 
297-D. i[In press]

 i ' 1963, Diamond drill exploration of the Beecher No. 3-Black 
Diamond pegmatite, Custer County, South Dakota: U.S. Geol. Survey 
Bull. 1162-B. [In press.],

13 Staatz, M. H., Page, L. R., Norton, J. J., and Wilmarth, V. R., 
1963, Exploration for beryllium at the Helen Beryl, Blkhorn, and Tin 
Mountain pegmatites, Custer County, South Dakota: U.S. Geol. Sur­ 
vey Prof. Paper 297-C. [la press]

the least abundant of the various kinds, but more than 
100 of the zoned pegmatites of the southern Black 
Hills have been of economic value.

North and South Carolina

Another pegmatite area that is an object of current 
work is in the Blue Ridge province of North Carolina, 
which has been the largest source of sheet mica in the 
United States. F. G. Lesure has been reexamining and 
compiling descriptive data for 1,350 mica mines and 
prospects. Nearly 100 mines have an individual pro­ 
duction of more than 10,000 pounds of trimmed mica. 
More than half of the mines have an individual produc­ 
tion of less than 500 pounds. About 30 percent of the 
mines contain reddish-brown (ruby) mica, 24 percent 
brown mica, and 34 percent green mica; the rest contain 
both ruby and green varieties. Two-thirds of the peg­ 
matite bodies are tabular; a quarter of them are lenticu­ 
lar ; and the rest are of irregular shape. About half of 
the bodies are discordant with the foliation of the 
enclosing metamorphic rocks. Zoning has been 
reported in 38 percent of the pegmatites, but zoning 
may have been overlooked in some of the others. 
More than half the deposits are deeply weathered, and 
for many of these the geology is incompletely known.

The Spruce Pine pegmatite district, North Carolina, 
is the most productive of the mica districts in the 
southeast. A new geologic map of an area of 225 
square miles and a description of the general geology 
of the district have been published (Brobst, 1-62). 
The report also contains a discussion of the economic 
geology and a summary of the estimated resources of 
mica and other mineral commodities in the district.

W. C. Overstreet finds that spodumene has been 
noted 20 miles southwest of the supposed southwest end 
of the Kings Mountain spodumene district of North 
Carolina. A placer concentrate from alluvium in 
Thicketty Creek, 6 miles southwest of Gaffney, S.C., 
contains 0.5 percent spodumene.14 This is positive 
evidence that a spodumene pegmatite is nearby.

OTHER INDUSTRIAL MINERALS

Notable results have also been achieved in work on 
talc, alunite, barite, and zeolites.

Geologic mapping by H. M. Bannerman in the Rich- 
ville and adjacent quadrangles, St. Lawrence County, 
N.Y., has led to the discovery and delineation of sev­ 
eral tremolite-rich deposits somewhat similar to those 
now being mined for industrial talc.15 The mode of

14 Hansen, L. A., and) Theobald, P. K., Jr., 1955, Monazite placers of 
the Broadl River and Thicketty Creek, Cherokee County, South Carolina: 
U.S. Atomic Energy Comm. RMB 3126, 30 p.

15 Bannerman, H. M., 1963, Map showing locations of deposits of 
tremolite potentially of value as a source of industrial talc: U.S. Geol 
Survey open-file map.
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occurrence, mineralogy, and apparent size of the de­ 
posits suggest that some of them warrant systematic 
exploration and sampling. The deposits are mainly 
along the south side of the Oswegatchie River between 
Little Bow and Richville, N.Y., only a few miles from 
the industrial talc mining and milling centers of Fowler 
and Balmat. The larger and coarser grained deposits 
occur as discontinuous layers or lenses within a silicate- 
rich band of dolomitic marble of the Precambrian 
Grenville metasedimentary complex. In mineralogic 
composition, they grade from a matte of almost pure 
tremolite to relatively pure dolomite and to tremolitic 
quartzite. For the most part the strike is to the north­ 
east and the dip to the southwest, but the rocks are 
complexly folded, and in this part of the area they are 
also sheared and brecciated.

Alunite in Wyoming

A hitherto undescribed alunite deposit at Aspen 
Mountain, Sweetwater County, Wyo., is reported by 
J. D. Love and P. D. Blackmon (1-62). Mineralogic 
analyses indicate that parts of the deposits have 60 
to 90 percent alunite and may be potentially valuable 
for the preparation of commercial sulfates or alu­ 
minum refractory materials.

Barite in Arkansas

D. A. Brobst has applied a relatively simple turbi- 
dimetric field chemical test developed by Ward and 
others (1-63) to determine the barium content of 
rocks in the Caddo Gap and De Queen quadrangles, 
Arkansas. The method applies only for the concen­ 
tration range of 500 to 10,000 ppm of barium, but 
it ordinarily is ample for prospecting; anything that 
contains more than 10,000 ppm of barium warrants 
examination by other techniques. This field chem­ 
ical method has been tested at and away from known 
deposits of barite in the Stanley Shale of Missis- 
sippian age and the Trinity Formation of Cretaceous 
age. Samples determined to contain more than 
10,000 ppm of barium by the chemical test were also 
checked by spectrographic techniques, which yielded 
results consistent with the results of the field tests. 
The background content of barium in these forma­ 
tions, as determined by the chemical test, is in the 
range of 500 to 1,000 ppm.

Barite in Nevada

Field studies by K. B. Ketner have clarified certain 
aspects of the geology of bedded barite deposits in the 
Shoshone Range, Nevada (Art. 11). Barite is inter- 
bedded with chert and lesser quantities of limestone in 
Paleozoic bedded chert units. Barite deposits are as

much as 2,000 feet long, and several hundred feet 
thick. Barite units are monomineralic, occur in un­ 
altered host rock, are related to bedded chert rather 
than to intrusives, and are nearly concordant to bed­ 
ding. Nevertheless, they probably are epigenetic re­ 
placements of chert and limestone, because a dis­ 
cordance with bedding can be detected by mapping, 
barite veinlets are in the host rock, and fossils are 
baritized. Nevertheless, the barite deposits seem un­ 
related to neighboring sulfide deposits, which are 
normal mesothermal deposits in altered wall rocks, are 
related to intrusives, and are strongly discordant with 
bedding.

Zeolites in the Mojave Desert

R. A. Sheppard has begun a study in southeast 
California of zeolite-rich volcanic rocks of potential 
economic value. Reconnaissance of Miocene and 
Pliocene tuffaceous rocks in the Mojave Desert already 
has indicated the existence of large tonnages of cli- 
noptilolite and notable quantities of other zeolites. 
Clinoptilolite, analcime, and erionite occur in pre­ 
dominantly monomineralic beds, which range from 
less than an inch to several feet in thickness. The 
zeolites are associated with unaltered glass and clay 
minerals (mainly montmorillonite), potash feldspar, 
and cristobalite of probable diagenetic origin.

RADIOACTIVE MINERALS

Colorado Plateau

The identity of clay minerals in members of the 
Morrison Formation of the Colorado Plateau region 
aids in finding the source of the sediments, according 
to a study by W. D. Keller (1-62), but is not diag­ 
nostic of places favorable for the presence of uranium 
deposits.

A study by D. A. Jobin (1-62) of the transmissive 
capacity of sandstones and of the distribution of uran­ 
ium deposits of the Colorado Plateau region suggested 
that (1) deposits are mainly in rocks of low to mod­ 
erate regional transmissibility, (2) movement of uran­ 
ium-bearing solutions and places of uranium deposition 
were controlled to varying degrees by the horizontal 
and vertical transmissibility of the rock, and (3) 
spatial relations of deposits to zones of high vertical 
transmissibility indicate control by major structures 
of probable early Tertiary age in conjunction with 
control by adjoining impermeable beds,

The unmineralized parts of the principal uranium- 
bearing sandstones of the Colorado Plateau region do 
not contain unusually large amounts of the elements 
commonly found in the ore deposits in those sandstones,
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according to a summary of the distribution of ele­ 
ments in sedimentary rocks of that region by W. L. 
Newman (1-62). The amount of potassium shows an 
inverse relation to the abundance of uranium deposits 
in different sandstones. The average vanadium content 
of the basal sandstones of the Chinle Formation, which 
contain relatively few vanadium-uranium deposits, is 
slightly greater than that of sandstones in the Salt 
Wash Member of the Morrison Formation, which are 
the principal host rocks for vanadium-uranium 
deposits.

Radiochemical analyses of ore and other rocks from 
the Ambrosia Lake, N. Mex., uranium deposits indi­ 
cate that considerable radium (Ra226 ) has migrated out 
of the ore and has been partly reconcentrated in barite, 
cryptomelane, and along the surfaces of mudstone 
bodies (H. C. Granger, Art, IT). This loss of Ra226 
should result in Pb207/Pb206 age determinations that 
are too great and Pb206/U238 age determinations that 
are too small. Corrections which allow for the effect 
that radium loss should have on the lead content of 
the ore suggest that total Pb/U ages should exceed 
100 million years. This may mean that the Ambrosia 
Lake uranium deposits were formed before the host 
rocks of the Morrison Formation were deeply buried.

Granger and Santos (Art. 100) have described a cy­ 
lindrical collapse structure in sandstone of the Morrison 
Formation near Ambrosia Lake, N. Mex., which pro­ 
vides the controls for a primary uranium ore body 
in an area in which most other deposits of the same 
age are controlled predominantly by sedimentary 
features. The collapse structure is interpreted to be a 
local control on mineralization from solutions moving 
laterally through the sediments, and not a conduit 
for solutions moving vertically from depth.

By using the ratio of the number of holes cutting ore 
to the total number drilled, W. B. Rogers and D. R. 
Shawe 16 estimate that the uranium-ore potential is 2 
million tons in a 5-square-mile area which was explored 
mainly by widely spaced holes to obtain a geologic eval­ 
uation of part of the Slick Rock district, Colorado.

Great Divide basin, Wyoming

As the result of detailed study of the schroeckinger- 
ite deposits in the Lost Creek area of the Great Divide 
basin in Wyoming, Sheridan and others (1-61) think 
that the uranium was deposited as schroeckingerite by 
the evaporation of ground water that derived the uran­ 
ium from concealed deposits of higher grade. The 
concealed deposits may be along faults, or distributed

19 Kogers, W. B., andi Shawe, D. K., 1962, Exploration for uranium- 
vanadium deposits by U.S. Geological Survey, 1948-56, in western 
Disappointment Valley area, Slick Bock district, San Miguel County, 
Colorado: U.S. Geol. Survey Map MF-241, 3 sheets and text.

in arenaceous clastic rocks through which the water 
has passed.

In the same region, studies by Pipiringos 17 and 
Masursky (1-62) give an integrated picture of the 
geologic setting of weakly uraniferous coals.

Lateral increase in uranium content of coal toward 
the external margin of the belt where coal accumu­ 
lated, and enrichment in uranium at the top or at both 
top and bottom of different coal beds suggest that 
uranium was introduced epigenetically, possibly by 
downward percolating solutions and almost certainly 
by lateral migration for distances measurable in miles. 
Both authors agree that uranium in the coal is not the 
source of uranium in the schroeckingerite. Masursky 
suggests further that the uranium in the coal may be 
cogenetic with uranium in deposits in sandstone in 
the Crooks Gap area to the north.

Texas coastal plain

Tuffaceous sedimentary rocks are considered to have 
been the source of uranium and associated molyb­ 
denum, phosphorus, and arsenic in uranium deposits 
of the Karnes area, Texas coastal plain, according to 
studies by A. D. Weeks and D. H. Eargle (1-63). 
Components of the tuffaceous sediments enclosing and 
lying above the deposits were highly reactive chemic­ 
ally, causing complex diagenetic alteration and the 
development of alkaline carbonate pore water. The 
uranium in the interstitial fluid was transported to 
a favorable depositional environment. As a result of 
detailed geologic and radiometric surveys, MacKallor 
and others (1-62) have suggested that this favorable 
environment was apparently provided in part by 
permeability traps and by reducing agents, associated 
with the Fashing-Edwards gas-distillate field, such 
as organic material, H2S and pyrite in the host rocks, 
or H2S originating in the Edwards Limestone.

The recent development of the Mabel New uranium 
mine, Live Oak County, Tex., on one of the radioactive 
anomalies of moderate intensity shown on the airborne 
radioactivity map of southeast Texas by Moxham and 
Eargle,18 extends the area of economic deposits of the 
Karnes area 40 miles to the southwest and indicates 
that more deposits may be found in the areas of higher 
radioactivity in that region. The New mine, accord­ 
ing to studies by D. H. Eargle, is in a sand in which 
economic deposits have not heretofore been found. 
The sand is tuffaceous and is believed to be of deltaic 
origin.

17 Pipiringos, G. N., 1961, Uranium-bearing coal in the central part 
of the Great Divide Basin,: U.S. Geol. Survey Bull. 1099-A, p. A1-A101, 
5 pi., 34 fig.

*8 Moxham, R. M., and Eargle, D. H., 1961, Airborne radioactivity 
and geologic map of the Coastal Plain area, southeast Texas: U.S. 
Geol. Survey Geophys. Inv. Map GP-198.
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Uranium in Pennsylvania

In a summary of uranium occurrences in continental 
sedimentary rocks in Pennsylvania, Harry Klemic 19 
points out that the exposures in which small deposits 
and occurrences in rocks of Devonian to Pennsylvanian 
age are known constitute only a small fraction of the 
area underlain by rocks potentially favorable for 
deposits.

Phosphatic rocks in Florida

Eeconnaissance studies by G. H. Espenshade (2-63) 
suggest that phosphatic sands and clays of Miocene 
and younger age are sufficiently widespread and abun­ 
dant in parts of northern peninsular Florida to be of 
interest as potential resources of phosphate and ura­ 
nium.

Thorium and uranium, Front Range, Colo.

Igneous rocks having an abnormally high content 
of uranium and (or) thorium were intruded during 
Precambrian and Laramide times in the Front Eange 
of Colorado. Thorium data obtained by George 
Phair on some 85 samples of the three major Pre­ 
cambrian intrusive rock types show that of these the 
Silver Plume types are the most notably enriched in 
thorium and range up to 106 ppm Th. The maxi­ 
mum enrichment within the Silver Plume is reached 
in the central part of the Front Eange, an area later 
intruded by Laramide porphyries containing up to 
300 ppm Th. An additional 55 thorium analyses and 50 
new rapid rock analyses of the intrusives of central 
Colorado from areas other than the Front Eange in­ 
dicate a westward decrease in thorium content that is 
accompanied by a change in the character of the dif­ 
ferentiation from more alkalic toward more calc al- 
kalic types.

Thorium in the Iron Hill complex, Colorado

Ground magnetic surveys of the Iron Hill alkaline 
complex, Gunnison County, Colo., by D. C. Hedlund, 
reveal strong magnetic anomalies, particularly along 
the north side of the complex, related to dissemina­ 
tions, aggregates, and dikelike bodies of magnetite, 
ilmenite, and perovskite in parts of the pyroxenite. 
Eadiometric surveys by Hedlund and J. C. Olson 
indicate that some of the radioactivity anomalies 
coincide with the magnetic highs. This is appar­ 
ently due to thorium substitution in perovskite which 
is intergrown with the magnetite and contains 0.12 to 
0.15 percent eThO2 . Eadiometric anomalies in the

complex not attributable to perovskite are chiefly in 
carbonatite bodies, in which thorium is present in 
pyrochlore and other minerals.

Monazite in North and South Carolina

W. C. Overstreet, J. L. Meuschke, and E. M. Mox- 
ham (4-62) have determined that zones of greater 
radioactivity observed in an airborne radioactivity 
survey of part of the Shelby quadrangle, North Car­ 
olina, coincide fairly well with areas underlain by 
rocks in which monazite is relatively abundant. Mona­ 
zite placers in the valley bottoms were not disclosed 
by the radioactivity survey probably because the 
monazite is mostly near the base of the stream sedi­ 
ments and is buried by silt and fine sand containing 
little monazite.

W. C. Overstreet and others 20 report that the 
amount of thorium attributable to accessory mona­ 
zite in rocks in the western piedmont of the Carolinas 
is twice as great in sillimanite schist and gneiss 
formed from shale as it is in biotite schist and gneiss 
formed from sandstone and graywacke. This rela­ 
tion is similar to the general distribution of thorium 
in shale and sandstone, but it is the reverse of the 
distribution of detrital heavy minerals in sedimentary 
rocks. The relation may be caused by the meta- 
morphic crystallization of monazite in high-grade 
paraschists and paragneisses.21

Uranium in coaly carbonaceous rocks

A systematic review of information about the oc­ 
currence of uranium in domestic coaly carbonaceous 
rocks by J. I). Vine 22 documents the evidence for a 
number of conclusions about uranium in coal. Among 
the more significant of these are: (1) most of the 
uranium is of epigenetic adventitious provenance^ (2) 
original sorption of uranium by coaly carbonaceous 
rocks was effected by an ion-exchange process, (3) 
presence of uranium in coaly rocks is related to its 
availability in solution rather than to effectiveness of 
a mechanism of precipitation, (4) marked local dif­ 
ferences in uranium content are not clearly related to 
differences in composition of coal, and (5) uranif- 
erous coaly rocks of the Fort Union lignite region are 
of relatively great importance as resources of 
uranium.

19 Klemic, Harry, 1962, Uranium occurrence in sedimentary rocks in 
Pennsylvania: U.S. Geol. Survey Bull. 1107-D, p. 243-287.

so Overstreet, W. C., Yates, R. G., and Griffitts, W. R., 1963, Heavy 
accessory minerals in the saprolite of crystalline rocks in the Shelby 
quadrangle, North Carolina: U.S. Geol. Survey Bull. 1162-F. [In 
press]'

21 Overstreet, W. C., 1960, Metamorphic grade and the abundance of 
ThO2 in monazite: Art. 27 in U.S. Geol. Survey Prof. Paper 400-B, 
p. B55-B57.

122 Vine, J. D., 1962, Geology of uranium in coaly carbonaceous1 rocks, r 
U.S. Geol. Survey Prof. Paper 356-D, p. 113-170.
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Alteration in relation to uranium ore

Studies by K. G. Bell have shown that most, if not 
all, uranium deposits in terrestrial sedimentary rocks 
are within or on the margins of large masses of rock 
that have been altered and leached by apparently warm 
aqueous subsurface solutions. It seems, therefore, that 
parts of the host formations and nearby formations 
may have provided the uranium and other metals in the 
deposits. Accordingly, the deposits resulted mainly 
from intraformational leaching and redistribution of 
metals by aqueous subsurface solutions.

MINOR ELEMENTS
The yttrium silicate thalenite was identified in rocks 

from a pegmatite in Colorado. This mineral was 
known to occur in several Scandinavian pegmatites, 
but had been reported previously from only one other 
locality in the United States. A study of the mineral by 
J.'W. Adams, F. A. Hildebrahd, and K. G. Havens 
(1-62) showed that the Colorado thalenite has a 
lanthanide distribution somewhat different from that 
found in Swedish thalenite.

Raymond L. Parker and Raymond G. Havens have 
reported the occurrence of thortveitite, a rare scan­ 
dium-yttrium silicate, associated with fluorite at the 
Crystal Mountain mine near Darby, Mont. (Art. 2). 
This is the first occurrence of thortveitite to be reported 
in the Western Hemisphere and is a new mode of 
occurrence for the mineral, which was previously 
found only in granite pegmatites.

A rare sodium niobate mineral (igdloite or lueshite) 
associated with vermiculite in altered mafic alkalic 
rock was discovered during 1962 by R. L. Parker, J. W. 
Adams, and F. A. Hildebrand at Gem Park, near 
Hillside, Colo. (1-62). The physical properties and 
X-ray powder data are similar to those of minerals 
reported only from- Greenland and the Republic of 
the Congo. The mineral contains mostly sodium and 
niobium with minor calcium, titanium, rare earths, 
and possibly thorium.

Mafic alkalic rocks which comprise the intrusive 
complex at Gem Park are cut by abundant carbonatite 
dikes. These dikes contain the rare-earth minerals 
ancylite and bastnaesite, rare-earth-bearing apatite, 
and unidentified niobium and thorium minerals.

J. W. Adams and F. A. Hildebrand have found 
that carbonate rock from the dump of the Yellow 
Jacket mine, Lemhi County, Idaho, contains the rare- 
earth minerals synchisite and xenotime.

A thallium-rich mineral, associated with realgar and 
orpiment, from the Getchell gold mine in north-central 
Nevada has been discovered by G. J. Neuerburg. X-

ray data suggest that the mineral is a thallian mercu- 
rian tennantite.

E. J. Young has found evidence in support of Tabor- 
sky's conclusion that fluorapatites have higher Ce- 
earth: Y-earth ratios than chlorapatites. The ratios 
are presumed to be higher in apatites from salic rocks 
than in those from mafic rocks because of higher F: Cl 
ratios in apatites from salic rocks.

George Phair reports that 90 percent of the niobium 
in gabbros from the southern California batholith is 
in iron ores. Through the differentiation sequence 
from tonalite to granite, biotite and hornblende are 
increasingly niobium rich, but inasmuch as these min­ 
erals decrease in abundance through the sequence, 
their niobium contributions to the total rock do not 
vary greatly.

Research on the occurrence of minor elements in 
coal, by Peter Zubovic, Taisia Stadnichenko, and N. B. 
Sheffey, has shown that coal in the northern Great 
Plains and Rocky Mountain provinces is rich in boron; 
coal in the eastern interior region is rich in vanadium, 
chromium, and germanium. Some coal in Indiana and 
eastern Kentucky is rich in beryllium (p. A62). The 
partitioning of elements between organic and inorganic 
fractions of coal is partly controlled by depositional 
environment. An organic affinity series of the ele­ 
ments can be used to predict their distribution in 
carbonaceous sediments.

Distribution of vanadium in Paleozoic rocks of the West

J. D. Vine has found that vanadiferous black shales 
occur in western conterminous United States in rocks 
of every Paleozoic system from Cambrian through 
Permian, in a wide variety of geologic environments. 
The principal vanadiferous shale deposits of Ordovi- 
cian, Silurian, and Devonian ages known thus far are 
in eugeosynclinal strata or in rocks that are transitional 
between eugeosynclinal and miogeosynclinal strata in 
central Nevada. The early Paleozoic strata in central 
Nevada were involved in erogenic movements in latest 
Devonian and early Mississippian time and were sub­ 
jected to erosion during later Paleozoic time. Ac­ 
cordingly, the widespread deposits of black shale in 
Mississippian and later Paleozoic time were probably 
derived in large part from the erosion of earlier 
Paleozoic rocks. The younger black-shale deposits 
spread far to the east, yet for the most part they were 
separated by nondetrital rocks from a source of sedi­ 
ment on the craton. Vanadiferous black-shale deposits 
in the later Paleozoic include strata in the following 
formations: the Milligen Formation in Idaho; the 
Chainman, Diamond Peak, and Tonka Formations
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of Dott in Nevada and western Utah; the Deseret, 
Great Blue, and Manning Canyon Formations in 
central Utah; and the Phosphoria Formation in Wyo­ 
ming and southeastern Idaho. Metal-rich shale also 
occurs in the Heath Formation in Montana and the 
Minnelusa Sandstone in South Dakota.

Robert Mays has found that phenacite collected in 
the Mount Wheeler mine area, in the Wheeler Peak 
quadrangle, White Pine County, Nev., contains 200- 
600 ppm boron and 100-150 ppm germanium. Though 
it is not uncommon for phenacite to contain boron, 
none previously reported contains as much as 200 ppm 
boron.

ORGANIC FUELS
The economy of the United States is powered largely 

by energy derived from the fossil fuels coal, oil, and 
natural gas. Efficient development of the Nation's 
energy supplies to meet rapidly increasing needs, and 
planning for the future economic development of sup­ 
plemental sources such as nuclear energy require a 
careful analysis of the supplies, costs, and uses of the 
fossil fuels. A study group of the U.S. Department of 
the Interior Energy Policy Staff (1-63), which includes 
V. E. McKelvey and D. C. Duncan of the U.S. 
Geological Survey, considers that known minable re­ 
serves of fossil fuels will constitute an adequate sup­ 
ply for the next few decades, and that gains in tech­ 
nology will enable the Nation to utilize some part of 
the vast potential resources that are now too costly 
to mine, at costs comparable to those now prevail­ 
ing. The Energy Policy Staff expects that if needed 
research is undertaken to further advance fossil fuel 
technology, supplies can be developed adequate for 
another century or more, even at the much increased 
rates of consumption anticipated. In the long run 
the life of our fossil fuel resources is clearly limited, 
and the study points to the need to acquire more 
information on marginal and submarginal deposits.

Some of the more significant results of recent U.S. 
Geological Survey investigations of organic fuels are 
summarized here.

PETROLEUM AND NATURAL GAS 

Oil and gas map of the United States

A map showing oil and gas fields of the United 
States at a scale of 1:2,500,000 has been prepared by 
Sophie D. Vlissides. The map is a revised version of 
the earlier oil and gas maps of the United States, 
the last edition of which was published in 1955. 
The current map will not show the pipelines that were 
on previous editions, because the rapid expansion in

pipelines makes them difficult to show at the map scale 
and reduces the period of usefulness of the map.

Oil and gas potential in specific areas

Extreme depositional thinning and local trunca­ 
tion of beds beneath Cretaceous unconformities in 
the area around Lament, Wyo., have been demon­ 
strated by A. D. Zapp and W. A. Cobban (1-62). 
Their findings are the result of extensive studies of 
marine and nonmarine sedimentary facies in Upper 
Cretaceous rocks and are supported by faunal evi­ 
dence. More than 4,000 feet of strata, including the 
Mesaverde Formation and equivalent rocks which 
are productive of oil and gas in the Great Divide 
basin to the west, is locally absent in the Lamont 
area where the Lewis Shale lies directly on the Cody 
Shale in depositional contact.

W. B. Cashion reports that study of the overall 
success ratio of wells drilled for oil and gas in Ter­ 
tiary strata in the Uinta basin of Utah indicates that 
the most promising strata are in the Green River 
and Wasatch Formations in the area between the 
structural axis of the basin on the north and the 
depositional axis on the south.

A zone of intensely deformed rocks mapped by 
R. L. Miller (1-62) in the Big Stone Gap quadrangle, 
in westernmost Virginia, indicates that the Pine 
Mountain fault, which underlies the Cumberland 
overthrust block, comes to or nearly to the surface 
in the northwest part of the quadrangle. This inter­ 
pretation suggests the probable presence of a major 
anticline beneath the Powell River valley and affords 
an excellent opportunity to test oil and gas potential 
of the pre-Devonian rocks in this area by shallow 
drilling.

Preliminary studies by M. C. Israelsky of Foraminif- 
era from beds near the Nacimiento River in the Jolon 
quadrangle, Monterey County, Calif., indicate that the 
beds, which were formerly considered to be Cretaceous 
in age, are no older than Paleocene. According to D. L. 
Durham, who has mapped this quadrangle, the dis­ 
covery is significant in that it enlarges the known 
extent of an oil-bearing basin of Tertiary age.

Distribution and configuration of basement rocks in 
California

A map of California has been prepared showing the 
exposed basement rocks and the configuration of the 
top of basement rocks in parts of sedimentary basins. 
The map, which was compiled by Merritt B. Smith, 
illustrates the concentration of oil and gas fields in 
moderately deep parts of the basins and a close associa­ 
tion of the fields with arches in the basement surface.
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OIL SHALE

On the basis of surface and subsurface studies, and 
of assays by the U.S. Bureau of Mines of numerous 
cores and samples from trona, oil, and gas test holes, 
W. C. Culbertson estimates that oil shale in the Green 
Eiver Formation in the Green Eiver basin of Wyoming 
has a potential oil yield of 239 billion barrels in beds 
more than 15 feet thick that yield more than 10 
gallons of oil per ton. Included in this total is about 
27 billion barrels of oil, of which 20 billion is in the 
Tipton Shale Member, in higher grade beds that yield 
more than 25 gallons per ton.

E. L. Eioux has reported 16 feet of oil shale in the 
lower part of the middle tongue of the Green Eiver 
Formation in the LaBarge 1 SW quadrangle, Sublette 
County, Wyoming. These beds, which have an aver­ 
age assay from surface samples of 18 gallons of oil per 
ton, are apparently limited to the area east of the 
Green Eiver. Field relations suggest the possibility 
that thicker deposits are present east and northeast 
of the quadrangle, an area which has hitherto been 
considered barren of oil shale.

In the Grand Mesa area, Colorado, core representing 
only the lowermost 2 feet of the Mahogany bed of the 
Green Eiver Formation was collected for assay from 
the Collbran Eoad core hole. The cored sample 
shows an average oil content of 50 gallons of oil per 
ton. The total Mahogany bed, which is 3 to 4 feet 
thick, underlies an area of about 200 square miles on 
Grand Mesa. When this rich zone is combined with 
underlying beds it totals 16 feet of oil shale that will 
yield an average of more than 18 gallons of oil per 
ton. A similar thickness of uncored beds above the 
Mahogany bed is estimated to be of equal grade. Ac­ 
cording to J. E. Donnell, the oil shale underlying 
Grand Mesa will add an additional 2 billion barrels of 
oil to the previously estimated reserves of the Piceance 
Creek basin.

In a study of the distribution of organic material in 
the Chattanooga Shale, Andrew Brown and I. H. Bre- 
ger have determined that the distribution of the 
organic components has a direct relation to the distance 
from the shoreline of the ancestral Chattanooga sea. 
The organic material, which ranges from 17 to 25 
percent of the black shale of the Chattanooga, is com­ 
posed of sapropelic and humic fractions. Although the 
percentages of these fractions are not in themselves 
readily measurable, they can be obtained from the hy­ 
drogen content, which represents the sapropelic frac­ 
tion, and the tar-acid content, which represents the 
humic fraction. The hydrogen content increases with 
remarkable consistency away from the shoreline, while 
the tar-acid content decreases in the same direction but

with less consistency (Breger and Brown, 1-62). The 
hydrogen content also shows a good correlation with 
the oil yield; in Walden Eidge, Tenn., and northern 
Alabama, close to the shoreline, the hydrogen content 
is about 4 percent and the oil yield 2 to 3 gallons per 
ton. In the central and northern part of the Eastern 
Highland Eim, nearer to the center of the ancestral 
Chattanooga sea, the hydrogen content is 5 to 7 per­ 
cent and the oil yield is 9 to 10 gallons per ton.

COM 

Eastern Kentucky

In a recently published report, J. W. Huddle, E. J. 
Lyons, H. L. Smith, and J. C. Ferm (1-63) estimate 
that the coal reserves of eastern Kentucky total about 
33 billion tons in beds more than 14 inches thick, in­ 
cluding 20 billion tons in beds more than 28 inches 
thick. The comprehensive report, which was prepared 
in cooperation with the Kentucky Geological Survey 
and the U.S. Bureau of Mines, is the product of a long- 
term program of work on coal in eastern Kentucky 
and includes data from many investigations of smaller 
areas. Several of these were also published as sep­ 
arate reports during the fiscal year (Bergin, M. J., 
1-62; Englund, K. J., and others, 1-63; Patterson, 
S. H., and Hosterman, J. W., 2-62). Additional in­ 
formation on eastern Kentucky coal may be obtained 
from the several maps in the Geologic Quadrangle 
Series on this region which have been published 
through the year. On these maps the coal beds are 
delineated and their thicknesses are generally included 
in a brief text.

Pennsylvania

Recent reports on the eastern Pennsylvania anthra­ 
cite district demonstrate the effect of complex structure 
on the mining of coal and show the probable correla­ 
tion of coal beds across faults and folds. One of these 
publications, a map by Walter Danilchik and others 
(1-62), covers part of the Western Middle anthracite 
field, and another, by G. H. Wood and others (1-62), 
describes part of the Southern anthracite field. These 
publications give the thickness of the important coal 
beds and show their extent by means of maps and 
cross sections.

Ohio

A study of the geology and coal resources of Bel- 
mont County indicates remaining coal reserves of 4.8 
billion tons distributed in 7 beds of high-volatile A and 
high-volatile B bituminous rank. Included in the esti­ 
mate is 3.4 billion tons in the commercially mined
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Pittsburgh and Sewickley coal beds. Data on thick­ 
ness and areal distribution of the coal beds and on 
stratigraphy and sedimentation of the Upper Pennsyl- 
vanian and Lower Permian coal-bearing rocks are also 
included in a report prepared by H. L. Berryhill, Jr.23

New Mexico

Field investigations preliminary to detailed mapping 
in the Western Eaton coal field have led to the dis­ 
covery of a potentially commercial coal zone about 8 
miles southeast of Vermejo Park, N. Mex. According 
to C. L. Pillmore, the coal zone is about 15 feet thick 
in the valley walls of the Vermejo Eiver and is com­ 
posed primarily of coal beds less than 2 feet thick 
in the lower part and a bed more than 5 feet thick 
in the upper part. This thicker bed splits into two 
thinner beds a short distance upriver; however, the 
lateral extent of this zone and the thickness of the coal 
beds beneath the ridges adjacent to the river are not 
known.

Utah

C. H. Carpenter and L. J. Bjorklund report that 
coal was discovered in two test holes drilled during a 
ground-water investigation of the Upper Sevier Eiver 
valley, Utah (see p. A39). In a hole in the SE*4 sec. 
33, T. 33 S., E. 2 W., a coal bed 20 feet thick was 
penetrated between 420 and 440 feet, and thin coal 
beds were found between 440 and 470, and 480 and 
485 feet. In the SWi/i sec. 29, T. 34 S., E. 2 W., 
beds of coal 1 to 3 feet thick were penetrated between 
354 and 474 feet.

Wyoming

Harold Mazursky, in a report on uranium-bearing 
coal in the Great Divide Basin of Wyoming (Maz­ 
ursky, 1-62), has estimated reserves of nine principal 
coal beds, which range in thickness from a few inches 
to 42 feet and average about 7 feet. The area, which 
includes about 300 square miles in the eastern part 
of the Eed Desert area in Sweetwater County, Wyo., 
contains about 2,000 million tons of measured and indi­ 
cated reserves of subbituminous coal. The study indi­ 
cates that the large reserves of coal are of interest 
primarily as fuel and that uranium probably could 
be produced only as a byproduct.

Geologic mapping in the northern part of the Lara- 
mie basin, Wyoming, by H. J. Hyden has shown that the 
younger coal beds mined in the area are in the Medicine 
Bow Formation of Late Cretaceous age, rather than 
the Hanna Formation of Eocene age as previously

88 Berryhill, H. L., Jr., 1963, Geology and coal resources of Belmont 
County, Ohio: U.S. Geol. Survey Prof. Paper 380. [In press.]

reported. The Medicine Bow Formation is extremely 
thin in this part of the Laramie basin; it ranges from 
0 to about 400 feet in thickness as compared with more 
than 4,000 feet in the adjacent Carbon basin and more 
than 6,000 feet reported in the Hanna basin.

Washington

Geologic mapping in the western foothills of the 
Cascade Eange near Seattle, Wash., by J. D. Vine 
and H. D. Gower has made possible the subdivision of 
a sequence of Eocene strata about 14,000 feet thick 
into four formations. The lower formation contains 
marine fossils and may constitute a potential source of 
oil. The three upper formations assigned to the 
Puget Group are nonmarine and include a middle one 
that is largely composed of volcanic debris. The other 
two contain sandstone and coal. Fossil leaves studied 
by J. A. Wolfe are the basis for correlating these strata 
with arkosic sandstone and coal in the Puget Group, 
which is about 6,200 feet thick in the Green Eiver 
area to the south. Coal reserves in the Puget Group 
in the area studied are estimated to be 630 million 
tons, about three-quarters of which is of bituminous 
rank. Total coal resources are much greater and may 
be as much as 5 billion tons.

Alaska

Coal-bearing rocks of Tertiary age underlie a low­ 
land area of at least 5,000 square miles at the head of 
Cook Inlet, between the Susitna Eiver and the Alaska 
Eange. Field studies by F. F. Barnes have shown that 
potentially valuable coal deposits, with a few minor 
exceptions, are confined to an area of less than 500 
square miles in the southern part of the region. This 
area contains a large but undetermined number of beds 
of lignite and subbituminous coal of minable thick­ 
ness, including at least two 30- to 50-foot beds, which 
were traced for several miles.

WATER RESOURCES

The U.S. Geological Survey investigates the occur­ 
rence, availability, and quality of surface and under­ 
ground waters and the sediment discharge of streams. 
An extensive hydrologic network of stream-gaging sta­ 
tions, observation wells, and water-quality sampling 
stations throughout the country provides continuing 
basic data. Compilations of these basic data are 
published in the following U. S. Geological Survey 
Water-Supply Paper series:

"Surface Water Supply of the United States" 
"Ground-Water Levels in the United States" 
"Quality of Surface Water of the United States."
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The first two are published at 5-year intervals and 
the last is published annually. In addition, nationwide 
reports which describe flood frequency at selected gag­ 
ing stations and extend the data to ungaged sites on 
major and minor streams are being published in the 
Water-Supply Paper series in several parts that cor­ 
respond to the drainage-basin subdivisions of "Sur­ 
face Water Supply of the United States."

Areal investigations of water resources are made 
largely in cooperation with State, local, or other Fed­ 
eral agencies listed on page A247. These studies 
include the various aspects of the geologic and hydro- 
logic environment that relate to the occurrence and 
movement of water on the surface and underground. 
Such studies of water resources stress evaluation of 
sources of supply, chemical and physical composition, 
computation of the quantity available for use, descrip­ 
tion of the direction and rate of movement, evaluation 
of fluctuations in flow, and determination of disposition 
of the supply as use, waste, or outflow.

Diversified water-resources investigations are in pro­

gress in nearly every State. These fall into two gen­ 
eral categories, "area" and "systems" studies. Area 
studies cover investigations of specific hydrologic prob­ 
lems within an area, generally comprising a political 
subdivision the problems of a municipality, a county, 
or a State. Systems studies, on the other hand, are in­ 
vestigations of the hydrologic environment of natural 
units such as a river basin or isolated valley, whose area 
may include a number of political subdivisions. The 
purpose of these investigations is to determine the 
effect on the hydrologic system of changes in any part 
of it; for example, to predict how use of ground 
water in one municipality may influence stream flow in 
another part of a river system. Four systems studies 
were begun in 1963 and several more are under con­ 
sideration.

Investigations stressing the economic aspects of 
water as a resource are treated in the following sec­ 
tion under four areas (fig. 1), which correspond to the 
administrative subdivisions of the Water Eesources 
Division (p. A254).

FIGURE 1. Index map of the United States, showing a real subdivisions used in discussion of water resources.
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WATER USE

Development and use of water have been expanding 
rapidly in the United States in recent years and will 
continue to expand in conformity with population 
and economic growth. Population growth alone will 
require large increases in domestic and municipal water 
supplies, but superimposed on this trend is a marked 
per capita increase in water use in the home and an 
even more striking increase in water use by industry. 
The average per capita use for public water supply, 
which includes water for fire protection, street flush­ 
ing, and business establishments, grew from 145 gpd 
(gallons per day) in 1950 to 153 gpd in 1960. Intake 
of water by six principal water-using industries in­ 
creased more than 60 percent from 1952 to 1962.

To meet the increasing demand for information for 
water planning, the U.S. Geological Survey investi­ 
gates and prepares reports on water use by specific 
industries, metropolitan areas, States, and by the 
Nation.

Ground-water conditions in the Nation

A comprehensive summary of the national water 
situation, with emphasis on ground water, has been 
published.24 The 1,121-page report is based on re­ 
ports from the field summarizing conditions as of 
early 1961, but certain critical information is up to 
date as of the summer of 1962.

Second in a series of 10-year summaries of the na­ 
tional ground-water situation the report discusses 
national water problems and needs, largely on the basis 
of the 1961 report of the Senate Select Committee on 
National Water Resources and its supporting docu­ 
ments. Tables drawn from the committee's report 
show, for each of 22 water-resource regions in the con­ 
terminous United States, the 1954 demand for water 
for "withdrawal" uses (public supply; rural domestic 
and stock; industrial, excluding hydropower; and 
irrigation), the amount used consumptively (evap­ 
orated, or incorporated in a product), the remaining 
streamflow, and the aggregate storage capacity of 
surface reservoirs. Similar figures, plus amounts of 
streamflow needed for pollution abatement, are given 
for 1980 and 2000 as forecast by the committee.

The bulk of the current report consists of individual 
sections describing conditions in the 50 States, the Dis­ 
trict of Columbia, Puerto Rico, the Virgin Islands, 
Guam, and American Samoa. Climate and runoff, 
geology and occurrence of ground water, use of fresh 
and saline water, and existing and potential water 
problems are summarized. Future prospects for in-

^ McGuinnese, C. L., 1963, The role of ground water In the national 
water situation: U.S. Geol. Survey Water-Supply Paper 1800, 1,121 p.

creased demand and for developing water to meet it 
are discussed.

Public water supplies of the 100 largest cities in the 
United States, 1962

C. N. Durfor and Edith Becker have completed a 
compilation of the public water supplies of the 100 
largest cities in the United States (1960 U.S. Census), 
which provide 9,650 mgd (million gallons of water 
per day) for 60 million people, 34 percent of the Na­ 
tion's population. A descriptive inventory itemizes 
adjacent communities supplied by each city, population 
of each city, total population served, sources of sup­ 
ply (including auxiliary and emergency supplies), 
average amount of water used daily, lowest 30-day 
mean streamflow during recent years, type of water 
treatment, rated capacity of each treatment plant, and 
storage capacity for raw and finished water. Maps show 
the water sources, treatment plants, and areas served 
by the 58 water systems. Chemical, spectrographic, 
and radiochemical analyses of treated water, and 
chemical and spectrographic analyses for many of the 
raw-water supplies are presented in tabular form.

Twenty-one of the 100 largest cities use ground- 
water exclusively for public supplies, and 9 cities use 
a combination of ground and surface water. Sixty- 
nine cities use water directly from streams or from 
reservoirs that impound stream water; of these cities, 
37 depend solely upon impounded waters and 20 de­ 
pend solely upon natural streamflow. Water from the 
Great Lakes furnishes part or all of the water supply 
for 10 of these largest cities.

Chemical analyses of treated water supplies indicate 
that more than 90 percent of the supplies contain less 
than (a) 500 ppm (parts per million) of dissolved 
solids, (b) 100 ppm of sulfate, (c) 50 ppm calcium, so­ 
dium, and chloride, (d) 30 ppm of silica, (e) 20 ppm of 
magnesium, (f) 5 ppm of potassium and nitrate, and 
(g) 1 ppm of fluoride.

Report on water resources of Alabama

The water resources of Alabama are described by 
Swindel, Williams, and Geurin (1-63) in the first of a 
series of popular-style summary reports on the water 
resources of selected States. Rural residents in Ala­ 
bama require an average of 20 gpd of water per per­ 
son, and the total rural demand is about 50 mgd, of 
which about 30 mgd is for domestic use and about 20 
mgd for stock. Municipal water supplies serving 5,000 
people or more are listed by the name of the com­ 
munity; the estimated number of people served; and 
the sources of water, such as springs, wells, or streams. 
These municipal systems withdraw about 190 mgd to 
supply a population of about 1.7 million, indicating
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per capita use of about 110 gpd. An estimated 5,000 
mgd is withdrawn for industrial use, including water 
ised only for cooling.

/Voter requirements, Marquette iron district, Michigan

J. H. Butler reports that water may prove to be a 
;ontrolling factor in the development of the low- 
rade iron ores on the Marquette iron range of Michi­ 

gan. The change from underground mining of stand­ 
ard iron ores to open-pit mining and the concentration 
and pelletizing of low-grade iron ores involves an in- 
irease in the amount of water withdrawn and con- 
umed, and creates a problem in the disposal of sedi­ 

ment-loaded effluent from tailings basins. In order to 
assist those concerned with water management on the 
Marquette iron range, mathematical models of the 
new processes are being developed to evaluate costs of 
water supply and disposal under variations in process 
design.

Use of water in Springfield, Mass.

In 1957 the public water systems in the Springfield, 
Mass., urban area described by J. C. Kammerer and 
H. C. Baldwin (1-62) supplied an average of 97.9 
mgd; an estimated 96.5 mgd was obtained from surface- 
water supplies and 1.4 mgd from ground water. In 
the same area, self-supplied industrial water users 
diverted an average of 320 mgd from surface-water 
supplies and pumped 7 mgd from ground water,

Use of water in Green Bay, Wis., area

According to Doyle B. Knowles, Frederick C. Dre- 
her, and George W. Whetstone, nearly 500 mgd of 
water was used daily in 1959 in the highly industrial­ 
ized Green Bay, Wis., area, of which about 98 per­ 
cent was surface water from Green Bay, Lake Michi­ 
gan, and Fox Kiver, and about 2 percent was ground 
water. It is estimated that with proper spacing and 
development of wells, the ground-water supply from 
the sandstone aquifer could be increased from 5.4 
mgd to as much as 30 mgd.

Use of water in Flint, Mich., area

An average of 45 mgd of water was withdrawn for 
use in Genesee County, Mich., in 1958 to serve a popu­ 
lation of 340,000. According to S. W. Wiitala, K. E. 
Vanlier, and K. A. Krieger,25 about 81 percent of this 
water, or 36 mgd, was withdrawn from the Flint 
Kiver by the Flint public water system. The rest was 
supplied by wells. Industry used nearly half of the 
water supplied by the Flint public supply and this

i28 Wiitala, S. W., Vanlier, K. E., and Krieger, R. A., 1963, Water 
resources of the Flint area, Michigan: U.S. Geol. Survey Water-Supply 
Paper 1499-E. [In press]

constituted about 98^ percent of all water used by in­ 
dustry in the county. For 1958 conditions, it was es­ 
timated that at least 30 mgd of river water is needed 
for waste dilution in the Flint Kiver during warm 
weather.

State water-resources investigations folders

A series of 8 by lO^-inch folders entitled "Water 
Resources Investigations in [State]" was prepared in 
1963 to inform the public about the current water- 
resources program in each of the 50 States and Puerto 
Kico. Each State folder has a large map that shows 
the location of stream-gaging stations, ground-water 
observation wells, quality-of-water sample-collection 
sites, and areal hydrologic studies. Smaller maps show 
average annual runoff, availability of ground water, 
discharge of principal streams, and average concentra­ 
tion of dissolved solids in streams. A brief text lists the 
hydrologic network, the areal and Statewide projects, 
and selected references.

ATLANTIC COAST AREA

Water is plentifully available throughout most of 
the Atlantic coast area. Water-deficient areas are 
few. The problems, therefore, concern the water en­ 
vironments and our disturbance of them, and the need 
for prudence in developing and managing the water 
resources. Specifically, the problems are associated 
with the following water features:

(1) Natural quality of the water. Natural fluctua­ 
tions in mineral constituents and physical properties, 
including normal sediment discharge and natural 
contamination.

(2) Detrimental effects on quantity and quality due 
to utilization of the water or changes in its physical 
environment, including pollution, invasion of fresh­ 
water bodies by saline water, hydrologic effects of 
urbanization and other land-use practices, and local 
competition for water supplies.

(3) Seasonal variations in supply; excess supply 
(floods, wetlands) at times and temporary deficiencies 
in supply (low streamflow, low ground-water stor­ 
age) at other times.

(4) Geographic disharmony of supply and demand. 
Locally, population and industrial growth exceed 
readily available supplies, and water must be imported 
from distant sources.

A great range in topographic and geologic environ­ 
ments gives rise to great variation in hydrologic con­ 
ditions in the Atlantic coast area. The regional 
water environments include the mountainous Appalach­ 
ian province, the rolling Piedmont province, and
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the low-lying Atlantic Coastal Plain. Surface- 
water supplies are more readily developed in the Ap­ 
palachian and Piedmont provinces; ground-water sup­ 
plies are most practicable in the Atlantic Coastal 
Plain province. Some serious hydrologic problems 
are associated with the maritime environment of the 
coastal plain. In addition, the coastal plain is ex­ 
periencing urbanization at a faster rate than the other 
provinces and includes the sprawling "megalopolis" 
extending from Virginia to New England.

The objectives of the water studies summarized 
below are to describe the water resources of the area and 
to provide interpretive hydrologic analyses needed by 
those responsible for management of these resources. 
Owing to the variety of water environments and 
water problems in the Atlantic coast area, the water 
studies are quite varied.

NEW ENGLAND 

Ground-water supplies and qualify in Maine

In southwestern Maine, G. C. Prescott, Jr., reports 
that wells in the igneous and metamorphic bedrock 
formations are generally less than 250 feet deep. The 
yield ranges from 10 gph (gallons per hour) to 150 
gpm (gallons per minute). The average yield is 11 
gpm and the median yield is 6.5 gpm; 86 percent of the 
bedrock wells obtain 3 gpm or more.

Water in bedrock is more highly mineralized than 
water in most unconsolidated materials. The average 
hardness of water from bedrock formations is 79 ppm 
(moderately hard). Water from glacial outwash de­ 
posits averages the lowest in hardness (16 ppm) and 
in chloride (5 ppm), and water from bedrock is high­ 
est, (79 ppm and 21 ppm, respectively). Water 
from unconsolidated formations is generally acid 
(average pH, 6.5), whereas most water from bedrock 
wells is alkaline (average pH, 7.5).

Sources of ground water in New Hampshire

Preliminary findings in a ground-water investiga­ 
tion of the Lower Merrimack River valley by J. M. 
Weigle indicate that a possible sustained yield of 15 
mgd is available in a 90-square-mile area. The major 
source of this supply is small deposits of stratified 
glacial sand and gravel in valleys tributary to the 
Merrimack. Individual gravel-packed wells in some 
of those deposits yield more than 400 gpm.

Lacustrine varved clay and silt occur at several 
places in this part of the Merrimack River valley; the 
deposits appear to be unconnected, and evidently were 
laid down in several small bodies of water rather than 
a single large lake.

According to Edward Bradley, small but usually 
reliable supplies of ground water, sufficient for house­ 
hold and rural use, are generally available from the 
bedrock at most places throughout southeastern New 
Hampshire. Larger supplies can be obtained in many 
places from unconsolidated glacial outwash and ice- 
contact deposits, particularly where these deposits are 
situated favorably with respect to inducing recharge 
from nearby streams, ponds, or lakes.

Availability and quality of water supplies in 
Massachusetts

Studies in several river basins in the coastal region 
of northeastern Massachusetts lead E. A. Sammel to 
conclude that swamp deposits, which pond and store 
large quantities of water, nevertheless may retard 
recharge to underlying ground-water bodies, and at 
times may act as semiconfining layer for underlying 
deposits.

Sammel found that large increases in the use of 
water are feasible in the Ipswich River basin. In 
1960, the average use of water was about 10 mgd, of 
which nearly 4y2 mgd was ground water. He estimates 
that as much as 60 mgd of ground water is available in 
the basin. Chemical quality of both ground and 
surface water is generally good; ground water from 
bedrock and that from unconsolidated deposits is 
comparable in quality.

As part of a water management study of the Assabet 
River basin, W. N. Palmquist and S. J. Pollock esti­ 
mate that permeable unconsolidated deposits under­ 
lying the Town of Acton may contain more than 3 
billion gallons of water. They estimate that the least 
possible effective recharge would be about 4 inches 
annually or 3.8 mgd, and they conclude that this 
ground-water reservoir, if development proves feasible, 
is more than adequate to satisfy the foreseeable de­ 
mands in the Town of Acton.

Studies by John A. Baker show that the abandoned 
valley of the preglacial Merrimack River is a potential 
source of large supplies of ground water in the Lowell 
area. Also, should this reservoir be developed to the 
point where sustained withdrawals exceed the natural 
replenishment, it would be possible to divert surface 
water from the present channel of the Merrimack 
River into this abandoned valley to recharge the 
aquifer.

An analysis of the rock type, yield, and depth rela­ 
tions of wells tapping crystalline bedrock in central 
Massachusetts, by R. G. Petersen, shows that the yield 
of the bedrock wells apparently is more dependent upon 
rock type than upon the depth drilled. The average 
yield of the wells drilled in schist is about three times 
that of wells in granite. A true depth-yield relation-
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hip cannot be shown by plotting depths against yields 
nor by calculating average yields of wells for differ­ 
ent ranges of depths.

Surface- and ground-water supplies in Connecticut

Allan D. Randall and colleagues have shown that the 
ositions of major drift-filled bedrock valleys in the 

Quinebaug basin of eastern Connecticut generally 
oincide with large present-day streams. However, 
igments of major bedrock valleys that carry no 
tirough drainage today occur near Moosup Pond, 
Quinebaug Pond, Danielson, Plainfield village, Alex- 
nder's Lake, and elsewhere. Thalwegs of the valley 
ystem extend slightly below mean sea level only at the 
ower end of the basin, near Jewett City. The valley 
11 includes many permeable coarse sand and gravel 
eds, although these are overlain in places by fine­ 
grained glaciolacustrine and valley-train deposits; sat- 
irated thickness very rarely exceeds 100 feet.

Generally, surface waters of the Quinebaug River 
)asin have a moderately low mineral content, as is 
ommonly the case in other areas of crystalline bed- 
ock. The principal ions are calcium, sodium, bicar- 
»onate, and sulfate, according to C. E. Thomas, Jr. 
Dissolved solids range between 21 and 74 ppm, and 
lardness between 7 and 36 ppm. However, in water 
ram the Quinebaug River and some major tributaries, 
he dissolved solids range from 31 to as much as 200 
>pm, due to industrial waste. The highest concentra- 
ions occur along the French River and the Quinebaug 
liver above Putnam.

NEW YORK 

F'leistocene aquifers of Queens County

Contour mapping of the buried pre-Pleistocene sur­ 
face of Queens County by Julian Soren shows chan­ 
nels eroded in the Cretaceous deposits to depths as 
^reat as 500 feet below sea level. These channels 
contain coarse sand and gravel deposits of pre-Wis­ 
consin and Wisconsin age, separated in places by the 
interglacial Gardiners Clay. The permeable deposits 
g,re important artesian and water-table aquifers.

Water quality of the Delaware River

Study of water quality in the Delaware River basin 
in New York by J. A. Shaughnessy 26 indicates that the 
chemical quality of the surface water is excellent. The 
c issolved-solids content ranges from 20 to 76 ppm and 
t lie hardness from 9 to 48 ppm. In the ground water, 
t lie dissolved-solids content ranges from 28 to 481 ppm 
and the hardness from 16 to 109 ppm. During the 
period Feb. 14, 1957 to Sept. 30, 1959, suspended-sedi-

29 Shaughnessy, J. A., 1963, Water quality in the Delaware River 
basin. New York: New York State Dept. Commerce Bull1 . 5.
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ment concentrations of the Delaware River at Port 
Jervis were generally low, and the daily mean concen­ 
trations exceeded 100 ppm only 2 percent of the time.

The temperature of the Delaware River at Port 
Jervis and the Neversink River at Godeffroy was less 
than 75°F on 90 percent of the days measured; ground 
waters in the basin were generally slightly above the 
annual mean air temperature for the area (about 50°F 
at Port Jervis).

Water-table changes in Kings and Queens Counties, 
New York City

N. M. Perlmutter and Julian Soren (1-63) report 
that cessation of pumping from a large well field in 
Brooklyn in 1947 has resulted in recovery of the water 
table of as much as 40 feet through 1962. This has 
alleviated sea-water encroachment problems, but has 
created seepage problems in the subway system and 
in inadequately waterproofed basements constructed 
during the preceding low water-table period.

NEW JERSEY

Studies of the hydrogeochemistry of the ground 
waters of the coastal plain of New Jersey and several 
countywide investigations indicate that the principal 
sources of ground water are sand aquifers in forma­ 
tions of Late Cretaceous age (Raritan, Magothy, Eng- 
lishtown, Wenonah, Mount Laurel) and to a lesser 
extent Tertiary deposits, chiefly the Cohansey Sand. 
Ground water from these deposits is generally of satis­ 
factory quality for most uses, but locally may require 
treatment for excessive iron or hardness, or to adjust 
the pH.

Availability of ground water in the coastal plain

Studies in Mercer County by John Vecchioli and 
M. M. Palmer, in Gloucester County by W. F. Hardt 
and G. S. Hilton, in Salem County by J. C. Rosenau 
and others, in Burlington County by F. E. Rush, in 
Monmouth County by L. A. Jablonski, and in Cape 
May County by H. E. Gill (1-62) indicate that sup­ 
plies sufficient for domestic and stock use can be ob­ 
tained at reasonable depth (less than 200 feet) almost 
anywhere in the coastal plain. Larger municipal or 
industrial supplies can be obtained in most of the 
coastal plain by properly drilled wells less than 1,000 
feet deep. The principal problem in these larger sup­ 
plies is obtaining sufficient yield without excessive 
drawdown, and intrusion of salty water from the sea 
or from underlying connate marine waters.

Salt-water intrusion in coastal areas

Intrusion of saline water, of course, is most serious 
along the Atlantic coast and the Delaware River 
estuary and locally imposes severe limitations on
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ground-water development. In Cape May County, for 
example, Gill found that the deposits below 1,000 feet 
contain saline water and that landward encroachment 
of salt water has occurred at the southern tip of the 
county. Most of the ground-water supply is obtained 
from the Kirkwood Formation and the Cohansey Sand 
(Tertiary), as the underlying Cretaceous deposits con­ 
tain salty water.

Core hole to basement rocks on the Atlantic coast

A core hole drilled at Island Beach State Park, on 
the Atlantic coast midway between Atlantic City and 
Asbury Park, was designed to test the water-bearing 
character of the entire Cretaceous and younger sedi­ 
mentary section at its most easterly point. The hole 
reached biotite gneiss of the basement complex at 3,798 
feet. P. E. Seaber and John Vecchioli (Art. 26) report 
 $iat the sedimentary sequence indicates: generally 
deeper water deposition than the outcrop section, but 
that the sequence is similar in that continental and 
transitional deposits underlie and overlie glauconitic 
marine sediments.

H. E. Gill and others report that the most significant 
differences, in comparison with the section where it is 
exposed along the western border of the coastal plain, 
are: (1) the sand aquifer of the Englishtown Forma­ 
tion is missing, (2) the Mount Laurel Sand thins 
coast ward, (3) the Kirkwood aquifer is finer grained, 
and (4) the Cohansey Sand is represented by a clay 
sequence. The Earitan Formation, which is 1,728 feet 
thick, contains fresh water in its upper part, but the 
chloride content increases with depth to about that 
of sea water, at the base of the formation.

Fresh ground water beneath the coastal plain

The sediments underlying the Atlantic Coastal Plain 
of New Jersey contain vast quantities of fresh ground 
water. Except for salt-water encroachment in several 
small areas, where an aquifer system is locally exposed 
to a saline surface-water body, no massive salt-water 
encroachment has been observed in any of the aquifer 
systems. Geologic data indicate that the aquifer sys­ 
tems have poor hydraulic continuity with the ocean. 
Chemical data analyzed by Paul E. Seaber (1-63) 
show no increase in chloride concentration, with 
time, in water from wells tapping several aquifer 
systems; some records date back to 1923. Measure­ 
ments of piezometric head indicate a seaward hydrau­ 
lic gradient in the major aquifers throughout most of 
the coastal plain; only locally in a few areas of heavy 
pumping is the gradient landward.

Quality of the Delaware River at Trenton

Because of its importance in water supplies in the 
Philadelphia area, the Delaware Eiver is under con­

tinuous study. L. T. McCarthy and W. B. Keighton 
report that in the 17-year period from 1945 to 1961 the 
Delaware Eiver at Trenton, N.J., was of excellent 
chemical quality. The average concentration of dis­ 
solved solids was 86 ppm, and 90 percent of the samples 
ranged from 57 to 126 ppm. Hardness of the river 
water was less than 86 ppm 95 percent of the time, 
and most of the time the water was nearly neutral (pH 
7). The mineral content is lowest during March, April, 
and May (median concentration of dissolved solids, 
66 ppm) and highest during August and September 
(median, 107 ppm).

The discharge of the Delaware Eiver at Trenton is 
regulated by upstream reservoirs which store water 
in times of surplus and release it to the stream when 
the natural discharge is low. These controlled releases, 
augmenting the low flow, improve the chemical quality 
of the water at Trenton and narrow the range of con­ 
centrations of the dissolved constituents. In 1962 the 
range in dissolved-solids concentration was 54 percent 
less, and the mean-annual dissolved-solids concentration 
was 15 percent lower than would be expected for the 
natural flow. By 1965 another large reservoir will be 
in operation; it is estimated that the range in dis­ 
solved-solids concentration will then become 71 percent 
less than under natural-flow conditions.

An average of 880,000 tons of dissolved solids and 
932,000 tons of suspended solids each year are carried 
past Trenton by the Delaware Eiver. The greatest 
monthly loads of dissolved solids are in March and 
April, the smallest from July to October. Suspended- 
solids loads are greater when the streamflow is high, 
but small the rest of the time. The concentration of 
pumps and extend the storage life of the offstream 
the time. 

Sediment content of the Raritan River
An analysis of suspended-sediment data collected on 

the South Branch Earitan Eiver by J. R. George shows 
that peak sediment concentrations often occur up to 3 
hours before the storm-runoff peaks at Stanton, N.J. 
This information will allow the State Division of 
Water Policy and Supply to be more selective in 
pumping water from the river to an offstream reser­ 
voir. Avoiding pumping during periods of unusually 
high sediment concentration will reduce wear on the 
pumps and extend the storage life of the offstream 
reservoir.

PENNSYLVANIA

Quality of the Susquehanna River

Studies of the chemical quality of the West Branch 
Susquehanna Eiver indicated to E. F. McCarren
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(1-63) that at least 100 miles of the river is affected 
i>y tributaries that carry acid wastes from bituminous 
coal mines in Clearfield and Cambria Counties. Off­ 
setting the effects of the acid water are other tribu­ 
taries that drain areas underlain by limestone, which 
ire alkaline and generally low in dissolved-solids con­ 
tent.

Systems analysis of Swatara Creek basin

By applying systems-analysis techniques in a hy- 
drologic study of Swatara Creek basin, W. T. Stuart, 
W. J. Schneider, and J. W. Crooks have related 
streamflow patterns, ground-water yield, and water 
( uality to the basin's natural and manmade environ­ 
ment.

Five general zones based on different streamflow 
characteristics have been delineated within the basin 
ut average low-flow conditions. The natural yield of 
streams ranges from less than 0.01 cfs (cubic feet per 
i^econd) per sq mi to more than 0.40 cfs per sq mi for 
the various zones. However, flows in excess of 1.0 
cfs per sq mi occur in some areas as a result of such 
cultural influences as urbanization and coal mining.

Chemical characteristics of water in the basin have 
ieen similarly classified. Concentrations of dis- 
olved solids range from 25 ppm to more than 1,000 
>pm. During low flow, the chemical character of 
urface water is about the same as that of the local 

ground water. Differences were noted where streams 
ow through more than one zone or where the water 

ijs altered by coal mining or other human influences. 
Generally, the availability of ground water cor­ 

responds to the base flow of the streams. In areas of 
high stream base flow, wells of moderate yield are 
Qommon; where the rocks are fractured or porous the 
yield is even higher. In areas of low base flow, wells 
of low yield prevail. However, in limestone terrane, 
^here the water table is deep below the land surface 
find base flows are generally low, wells yield little 
Tjrater unless a solution channel is intersected below 
tjhe water table. If a solution channel is tapped, large 
fields are probable.

Low flows in Pennsylvania streams

i W. F. Busch and L. C. Shaw have prepared a 
niinimum-runoff map for Pennsylvania using stream- 
fiow records for 65 long-term gaging stations. Based on 
a computer analysis, average 7-day minimum flows hav- 
ijig a 2-year recurrence interval were used to divide 
sjtreams in the State into three categories on the basis 
of flow: less than 0.1 cfs per sq mi, 0.10 to 0.20 cfs 
per sq mi, and over 0.20 cfs per sq mi.

Early Paleozoic aquifers of 'Lebanon Valley

Among the carbonate rocks of Cambrian and Or- 
dovician age in the Lebanon Valley, Harold Meisler 
found that the most reliable sources of ground water 
are the Schaefferstown and Milbach Members of the 
Conococheague Limestone, and the Stonehenge and 
Ontelaunee Formations of the Beekmantown Group. 
The least reliable sources of ground water are the 
Snitz Creek Member of the Conococheague Limestone, 
the Epler Formation of the Beekmantown Group, and 
the Hershey Limestone. The nonshaly limestone 
aquifers generally yield larger supplies of water to 
wells that do the dolomite or shaly limestone aquifers.

Long-term ground-water fluctuations

Long-term records of ground-water fluctuations were 
studied by C. W. Poth as part of the reappraisal of 
the observation-well program in Pennsylvania. These 
records, ranging up to 32 years in length, show no 
secular trend toward either higher or lower water 
levels. Cycles other than the annual cycle were not 
noted, but sequences of above- or below-average water 
levels of several years duration are evident.

Bedrock aquifers of Dauphin County

A ground-water investigation by L. D. Carswell 
and J. R. Hollowell in Dauphin County indicates that 
water in the Martinsburg Shale is transmitted prin­ 
cipally through joints. These joints are best developed 
in competent beds of siltstone, sandstone, and cherty 
mudstone and are poorly developed in the less com­ 
petent shale. The Martinsburg contains some beds 
of limestone, and wells are known to yield from solu­ 
tion openings in these beds. No wells yielding more 
than 200 gpm have been reported in the area. Typical 
wells yield 10 to 50 gpm from the competent beds 
and 1 to 10 gpm from the shale.

MARYLAND

Ground-water resources in the Lower Poto mac- 
Chesapeake Bay area

An appraisal of the potential ground-water supplies 
in Anne Arundel County indicates that substantial 
quantities of ground water are available for future 
needs (Mack, 1-62). Most of the current water-supply 
problems in the area are caused by the high iron con­ 
tent and corrosiveness of the ground water, especially 
in the area north of Annapolis. The median concen­ 
tration of iron in water from all the major aquifers is 
above the recommended limit of 0.3 ppm; in two 
aquifers, the Raritan and Magothy Formations, the 
median iron content is more than 8 ppm (Richardson, 
1-62).
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Preliminary findings by F. K. Mack in a ground- 
water investigation of Prince Georges County indicate 
that water levels in some aquifers of Cretaceous age 
have been lowered by substantial pumpage in industrial 
areas in adjacent counties in Virginia. Nevertheless, 
substantial untapped reserves of ground water of good 
quality are available in the central and southern parts 
of the county.

Coastal plain deposits in Charles County do not con­ 
tain the thick, productive aquifers present in strata of 
comparable age at Baltimore and Annapolis. T. H. 
Slaughter concludes that the proportion of permeable 
sand in the deposits is less in Charles County than it 
is to the northeast and that the transmissibility of the 
deposits accordingly is lower.

Iron in ground water of the Eastern Shore

In a study of the cause of decreased yields of mu­ 
nicipal wells at Salisbury, S. G. Heidel found that 
both ferrous iron (up to 1 ppm) and dissolved oxygen 
(up to 8 ppm) are present in the aquifer tapped. Oxi­ 
dation of ferrous iron to ferric iron and precipitation 
of iron oxide may be expected as a result of this un­ 
stable condition. Field observations suggest that water 
leaking from an underlying aquifer having a higher 
iron content (4 ppm or more) is mixing with water 
from the principal aquifer.

VIRGINIA

Structural control of ground water in consolidated rocks

According to F. W. Trainer, joints in layered rocks 
in parts of Virginia, West Virginia, and Maryland 
occur in a few simple patterns which apparently are 
related to the present attitude of planes of weakness  
bedding in the sedimentary rocks, or the best-developed 
foliation in the metamorphic rocks. This observa­ 
tion suggests that, in the Paleozoic sedimentary rocks 
of the central Appalachian region, joints were formed 
after the Paleozoic folding. Joint patterns are signif­ 
icant hydrologically as a major control of the preme- 
ability of fractured rocks.

WEST VIRGINIA

In a recently completed report on the hydrology of 
West Virginia, W. L. Doll, Gerald Meyer, and Koger 
Archer have summarized data on the availability, 
chemical character, and characteristics of occurrence 
of water throughout the State. In the mountain and 
hilly plateau lands of central and western West Vir­ 
ginia, streamflow decreases sharply during the summer 
and fall evidently because of low ground-water stor­ 
age capacity in the underlying rocks, principally sand­ 
stone and shale. In contrast, streams in the limestone

areas of the eastern part of the State have generally 
higher dry-weather flows.

Hydrology of the Monongahela River basin

Preliminary studies of the hydrology of the Mon­ 
ongahela River basin in northern West Virginia show 
that the water of most headwater streams is of good to 
very good quality. Waters in the Cheat River basin, 
a major tributary to the Monongahela, also are of 
good chemical quality. Generally these waters are soft 
and have low mineral content. On the other hand, 
the West Fork River, which drains the western part 
of the Monongahela basin, and the lower reaches of 
the Monongahela River yield water that requires ex­ 
tensive treatment for many uses.

NORTH CAROLINA

Availability and geochemistry of ground water

Preliminary findings by Robert L. Laney in a geo- 
chemical investigation of western North Carolina sug­ 
gest that the percentage of silica in the water is a use­ 
ful indicator of the source of the water. Chemical 
analyses of rainfall are similar to analyses of water 
from springs except for the amount of silica. Rain­ 
fall contains practically no silica, whereas silica in the 
ground water ranges from 24 percent of the total dis­ 
solved solids in areas underlain by mica schist to 45 
percent in areas underlain by granitic gneiss.

Ground-water reconnaissance studies in Haywood, 
Jackson, and Macon Counties in western North Caro­ 
lina by OwTen T. Marsh (1-63) indicate that at least 
10 principal water-bearing units can be mapped in 
that area. Auger-drilling of flood-plain deposits 
showed that the deposits consist mainly of sandy clay 
capped by a veneer of gravel and are not favorable 
sites for ground-water supplies.

Geochemistry of coastal-plain ground water

Preliminary findings by Hugh B. Wilder in a geo- 
chemical study in the coastal plain of North Carolina 
indicate that, generally, the sediments in the area can 
be divided into three geochemical zones. Zone 1, con­ 
sisting of post-Miocene deposits, characteristically 
yields acid water (pH 4.5-6.5) containing objection­ 
able amounts of iron (1-25 ppm) and usually contain­ 
ing less than 250 ppm total dissolved solids. Zone 2, 
consisting of sediments of Miocene, Eocene, and parts 
of the Paleocene series, yields slightly basic water 
(pH Y.0-7.5) of calcium bicarbonate type, with unusu­ 
ally high concentrations of silica (30-50 ppm). 
Water from the Paleocene rocks contains fluoride in 
amounts up to 4 ppm. Water percolating from zone 
1 down into zone 2 rapidly loses its high iron content 
and become hard. Zone 3, consisting principally of
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deposits of late Cretaceous age, yields water of sodium 
bicarbonate type which is low in hardness (7-50 ppm 
its CaCO3 ), basic (field pH 7.6-8.2), and high in al- 
ialinity (up to 600 ppm as HCO3 ). In the immedi­ 
ate coastal areas, one or more of these zones may be 
;ontaminated with salty water, and in many areas 
he only potable source of supply is zone 1.

SOUTH CAROLINA

nnual runoff, by physiographic province

Streamflow records in South Carolina indicate that 
the maximum average annual runoff occurs in the 
31ue Ridge province and exceeds 40 inches. Accord­ 
ing to F. W. Wagener, the annual runoff decreases 

radually, toward the southeast, to a minimum of 10 
iches in the lower Piedmont province, then increases 

to more than 14 inches along the eastern border of the 
iedmont where the streams drain areas of sand hills. 

Average annual runoff decreases across the coastal 
lain to less than 10 inches, except near the North 
Carolina line, where it remains at about 14 inches.

Ground water in basement rocks beneath the coastal 
plain

On the basis of the observation wells in several 
arts of the South Carolina coastal plain, G. E. Siple 
as noted that ground water occurs under artesian 
onditions in the fractured upper part of crystalline
asement rock, buried under 300 to 1,000 feet of
oastal plain sediments. The water is confined by an 

extensive layer of saprolite 30 to 60 feet thick, and 
hydrostatic head of the water in the crystalline 

rocks is higher than that in several of the overlying
3astal plain aquifers.

Controls on well yield in the Piedmont province

Current ground-water studies of Greenville County 
in the Piedmont province indicate that topography

i the major control on well yield; the higher yields 
a)re obtained from wells located on slopes, draws, or 
valleys, and lower yields from wells on hills or

ateaus. Although the rock type also has an im-
ortant bearing on yield, these studies show that in 

this area the topography has an even greater effect.

GEORGIA

B<ise flow from Paleozoic rocks

In a study of the Paleozoic area of Georgia, Charles 
Cressler found that during the annual low-flow period,

 rings in Catoosa, Walker, and Chattooga Counties
scharge more than 75 mgd. About 50 mgd are un­ 

used, but help to maintain streamflow. Most of the
ring water has a hardness of less than 150 ppm and

an iron content of less than 0.1 ppm. The largest 
flow observed was 13 mgd.

Movement of water in the principal aquifer near 
Savannah

Deep-well current-meter studies of the principal 
artesian aquifer in the Savannah area, Georgia and 
South Carolina, have indicated the presence of 5 major 
water-yielding zones separated by relatively imperme­ 
able zones. The 3 uppermost zones are in the Ocala 
Limestone of late Eocene age and the 2 lowermost 
zones are in the Lisbon Formation of middle Eocene 
age. M. J. McCollum reports that sea water is enter­ 
ing the upper zones in the northeastern part of the 
area and moving slowly toward the center of pumpage 
at Savannah. In the lower water-yielding zones, un- 
flushed salty water of an older geologic age is moving 
toward the center of the cone of depression at Sa­ 
vannah.

Sources of base flow in the Yellow River basin

A hydrologic investigation by F. A. Kilpatrick and 
O. J. Cosner in a small basin in the Yellow River area 
has determined the amounts that two aquifers beneath 
the flood plains contribute to base flow. One aquifer 
is made up of jointed crystalline bedrock, and the 
other, alluvium that is hydraulically continuous with 
the stream. The joints of the bedrock aquifer are 
tightly sealed at its upper surface, thus impeding dis­ 
charge to the stream. Both aquifers contribute sig­ 
nificantly to base flow, but only the bedrock aquifer 
contributes during periods of low base flow.

Saline ground water at Brunswick

Test drilling at Brunswick has led R. L. Wait (2- 
62) to conclude that fresh water is present in lime­ 
stone between depths of 500 and 1,000 feet. Brackish 
water containing as much as 320 ppm chloride is 
present in hard dense cherty dolomitic limestone and 
gray fossiliferous limestone between 1,030 and 1,400 
feet. Municipal and industrial wells that tap the 
brackish-water zone yield water with a high chloride 
content. Cementing the bottom part of the wells will 
improve the quality of water, decreasing the chloride 
and dissolved-solids content and the hardness.

FLORIDA

A large part of the water investigations in Florida 
is directed toward study of fresh-water-salt-water re­ 
lations. Both surface streams and ground water are 
subject to salt-water intrusion. In coastal areas the 
main hazard is intrusion of sea water; inland the main 
hazard is upward migration of salty water from deep 
aquifers that have not been flushed of sea water since 
Pleistocene time.
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Recharge and discharge of principal artesian aquifer

In Florida, Georgia, and in adjacent parts of South 
Carolina and Alabama, the principal artesian aquifer, 
consisting of permeable limestones of early Tertiary 
age, is one of the most extensive and productive aqui­ 
fers known. V. T. Stringfield reports that it is a 
source of water for thousands of wells throughout 
the region and some of the laregst limestone springs in 
this country. The aquifer is recharged not only where 
it is at or near the surface, but in some lake regions 
in Florida and Georgia where it is as much as 200 feet 
below the surface.

Water in the principal artesian aquifer in Seminole 
County is derived from rain falling on the principal 
recharge areas of central Florida and from recharge 
areas in the county, according to J. T. Barraclough 
(1-62). The artesian pressure head has declined only 
slightly and the chloride content of the water has 
changed little since 1933. Salt water in the principal 
aquifer appears to be the result of infiltration of sea 
water during Pleistocene time. Flushing of salt water 
has progressed farther in the upper part of the aquifer 
than in the lower part. Almost all the wells that 
yield salty water are in areas where the land-surface 
elevation is less than 30 feet above sea level and the 
head available for flushing therefore is low.

Salinity of the streams of the Florida peninsula

Studies of the chemical quality of the surface waters 
of Florida indicate marked variations in salinity due 
largely to variations in the source of recharge. B. F. 
Joyner reports that water in the St. Johns River 
became very saline during the drought in the spring 
and early summer of 1962. A chloride concentration of 
1,180 ppm was measured just upstream from Lake Har- 
ney in Volusia County. Below Lake Harney the in­ 
flow from several large springs improved the quality of 
the water downstream to tidewater at Palatka, The 
quality of the water in the river improved as flow in­ 
creased during the summer rainy season.

A study of the quality of the water of several springs 
at low and high stages of the St. Johns Eiver indicates 
that the dissolved-solids content remains fairly con­ 
stant in the water from some springs, varies inversely 
with discharge for other springs, and varies directly 
with discharge for two springs.

A study by B. F. Joyner, J. D. Warren, and H. Sut- 
cliffe, Jr., shows that marked variation in the quality of 
water in the Myakka Eiver basin is due to contami­ 
nation by poor-quality ground-water irrigation waste 
from lands served by artesian wells and water from 
uncapped flowing wells.

Salt-water intrusion into ground-water supplies

Because ground water is the major source of irriga­ 
tion and municipal supply in much of Florida, many of 
the Survey's investigations are directed toward safe­ 
guarding this resource from salt-water encroachment

W. E. Clark found that highly mineralized water 
was intruding the shallow artesian aquifers from 
which the city of Venice, on the west coast south of 
Sarasota, draws its water. The highly mineralized 
water was moving up uncased well bores from the 
deeper Floridan aquifer. Similarly, investigations by 
Howard Klein, M. C. Schroeder, and W. F. Lichtler 
(1-62) have delineated areas of salt-water contami­ 
nation in the shallow aquifer in Hendry and Glades 
Counties, in southern Florida, particularly near La- 
Belle in Hendry County, and in an area along the 
western shore of Lake Okeechobee in Glades County. 
The contamination at LaBelle can be directly traced 
to upward leakage of deep artesian water under high 
pressure through open deep-well bores into shallow sed­ 
iments. The contamination near Lake Okeechobee 
may be attributed to unflushed sea salt as well as to 
upward leakage.

Studies in Collier County in southwestern Florida by 
H. J. McCoy (1-62) show salty water in a deep artesian 
aquifer and generally fresh water in an extensive shal­ 
low aquifer. The shallow aquifer is contaminated, 
however, by modern sea-water intrusion in coastal 
areas and by residual salt water of ancient seas in some 
inland areas.

G. R. Tarver (1-63) found that wells tapping 
highly permeable limestones near Pompano Beach in 
Broward County were protected from salt-water intru­ 
sion by overlying less permeable sandy materials.

J. T. Barraclough and O. T. Marsh (2-62) reported 
three aquifers separated by clay beds in westernmost 
Florida. Around Fort Walton Beach the artesian- 
pressure head in the upper limestone of the Floridan 
aquifer has declined 95 feet since 1936. This decline 
has caused incipient salt-water encroachment, probably 
due to upward movement of salt water from the lower 
limestone.

Water management in the Miami area

Municipal water-use studies in the Dade-Broward 
County area of southeastern Florida show that sup­ 
plies totaling more than 1 billion gallons per day may 
be required within 25 years. However, studies by 
Howard Klein, C. B. Sherwood, and S. D. Leach indi­ 
cate that ground-water supplies of this magnitude can 
be obtained, without increased sea-water intrusion, 
by the maximum use of the water-management system
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f the Central and Southern Florida Flood Control 
istrict. The network of controlled canals of this sys- 
m connects Lake Okeechobee and large inland water- 
nservation areas with the coast and provides large 

uantities of fresh water for recharge by infiltration in­ 
to the highly permeable Biscayne aquifer. Because of 

e excellent interconnection between canals and coast- 
1 parts of the aquifer, control of water levels and 

cfanal flows may be accomplished on a regional basis.

Relation of ground-water levels to climatic fluctuations

The period September 1960-May 1962 produced two 
extreme hydrologic conditions in southeastern Florida. 
Intense rainfall that accompanied Hurricane Donna 
and tropical storm Florence in September 1960 caused 
extensive flooding in southern Dade County, where the 
crainage system was inadequate. The intense pro­ 
longed drought of November 1960-May 1962 resulted 
ii the opposite extreme in southeastern Florida. At 
the end of the drought, water levels throughout most of 
t|ie Everglades were at record lows. Investigations of 
well-field areas and individual canal systems by C. B. 
Sherwood and S. D. Leach (2-62) showed that ground 
water from the inland areas moved eastward through 
tie improved canal system to furnish continuous re- 
p lenishment to coastal parts of the aquifer.

Similar effects of wet or dry periods were noted in 
tie Orlando area of central Florida, where piezo- 
metric levels fluctuated from a high of 74 feet above 
msl (mean sea level) in September 1960 to a low of 50 
f set above msl in May 1962, according to W.F. Licht- 
l^r, Warren Anderson, and B. F. Joyner (1-63). 
Tfhis contrasts with a fluctuation of 5 to 10 feet in sur- 
rjaunding areas of the county. The larger fluctuation 
ip. the Orlando area is attributed to greater recharge 
tjirough the approximately 400 drainage wells in and 
near Orlando during the record wet period in 1959- 
60 and heavy ground-water withdrawal during the 
1962 drought.

Availability of ground water in the Florida panhandle

I Large supplies of surface and ground water of 
excellent quality are available for future industrial 
development in Escambia and Santa Rosa Counties in 
westernmost Florida, according to a study by R. H. 
Musgrove, J. T. Barraclough, and R. G. Grantham. 
I'our major rivers discharge an average of 8.5 billion 
gallons per day to the sea, and sand and gravel deposits 
at shallow depth that presently supply 70 mgd could 
be developed further. The underlying Floridan aqui- 
f jr is virtually untapped.

Effects of pumping in the Jacksonville area

! Studies by Gilbert W. Leve indicate that the per­ 
meable zones in the Floridan aquifer in northeast

Florida are hydraulically separated by thick imper­ 
meable zones. Artesian pressures have declined at 
Jacksonville and Fernandina as a result of heavy pum- 
page; the rate of decline is greater in the upper part of 
the aquifer owing to heavy pumpage from that zone.

VIRGIN ISLANDS

Reconnaissance studies of Cinnamon Bay and Trunk 
Bay, St. John, Virgin Islands, by P. E. Ward and D. G. 
Jordan show that beach deposits contain a thin lens of 
slightly brackish but potable water within about 300 
feet of the shore. The water-bearing material is cal­ 
careous and ranges in size from silt to medium-coarse 
sand. No stream on St. John can be identified as pe­ 
rennial but very short reaches of at least two streams 
probably have small perennial flow.

In a study of the ground-water resources of St. 
Croix, Virgin Islands, G. E. Hendrickson found that 
the greatest yields are obtained from wells in limestone 
and alluvium in the south-central plains area, but the 
water there is only of fair to poor quality. If prop­ 
erly developed, ground-water resources of the island 
should be adequate for the present and near-future 
public supply.

MIDCONTINENT AREA

Water is generally plentiful in the States of the 
midcontinent area, and water-supply problems relate 
chiefly to the availability of large supplies of suitable 
quality for municipal, industrial, agricultural, and 
recreational use. Increasing water needs, however, 
with an accelerated incidence of related water prob­ 
lems, require that additional emphasis be placed on 
delineation of the problems and determination of their 
causes and solutions.

In most of the midcontinent States water-resources 
studies involve appraisal of the available supply and 
description of the hydrologic environment, with spe­ 
cial emphasis on solution of immediate water-supply 
problems. Large withdrawals of ground water, for 
example, for rice irrigation in Louisiana and Arkansas, 
and for municipal and industrial use in Memphis, Day­ 
ton, and Milwaukee, have been evaluated in terms of 
their effect on quantity and quality of water available. 
Other studies are concerned with contamination of 
fresh-water resources by acid mine wastes and oil­ 
field brines and by intrusion of saline water into fresh­ 
water aquifers. Flooding potential and deficiency of 
streams during low-flow periods pose serious problems 
affecting optimum use and management of surface- 
water resources and are under investigation. The sig­ 
nificant results of these investigations are reported 
in the following section.
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MINNESOTA

Melt-water channels near Marshall
Near Marshall in southwestern Minnesota, G. L. 

Thompson found that tone difference in areal photo­ 
graphs could be used to map narrow surficial melt- 
water channels that cross a major outwash sluiceway 
obliquely. Permeable sand and gravel are found on 
the inside of the meander bends of the surficial chan­ 
nels. Wells tapping these deposits yielded 1,500 
gpm, whereas wells less than 100 feet away yielded 
less than 50 gpm. Before the identification of the 
channel the town of Marshall had drilled several un­ 
productive holes in the sluiceway. 

Quality of ground water in the St. Paul-Minneapolis area
Investigations of the chemical quality of ground 

water, by M. L. Maderak, in a 2,900-square-mile area 
in the vicinity of Minneapolis and St. Paul indicate 
that unconsolidated Pleistocene deposits, and rocks of 
Ordovician, Cambrian, and Precambrian age are the 
principal sources of ground water and that the water 
is generally of calcium bicarbonate type. In general, 
water in the aquifers of Pleistocene, Cambrian, and 
Precambrian age increases in amount of dissolved 
solids from east to west across the area, probably 
largely because of the increase in thickness and the 
change in composition of glacial deposits from east 
to west.

Change in the quality of the ground water with 
time is minor, except where contamination is a prob­ 
lem. Contamination from human wastes, indicated 
by high concentrations of nitrate, was noted in two 
communities that obtain water from aquifers in the 
glacial drift. At both places, concentrations of nitrate 
above 45 ppm at depths of about 50 feet suggested 
possible contamination of water in rocks of Ordovician 
age.

WISCONSIN

Ground water in Pleistocene deposits

C. L. E. Holt, Jr., has found that extensive outwash 
plains in Portage County are the potential source of 
large quantities of ground water. Pumpage of ground 
water can be greatly increased without seriously affect­ 
ing ground-water levels.

A study of the ground-water resources of Waushara 
County, by W. K. Summers, shows that large supplies 
of ground water of generally good quality, except for 
excessive hardness and locally high iron content, are 
available to wells over a large part of the county, prin­ 
cipally from thick deposits of sand and gravel outwash 
of Pleistocene age. The potential available supply 
is far greater than the present annual rate of with­

drawal and, in some areas, will support a large increase 
in use.

Thick glacial outwash sands and gravels in the deep 
ancestral Eock Eiver valley in Eock County have 
been found by E. F. LeEoux to be a source for large 
supplies of ground water. The 20 mgd of water 
withdrawn in 1957 represented only about 12 percent of 
the potential daily withdrawal.

Denzel E. Cline (1-63) found that Dane County, in 
south-central Wisconsin, has adequate ground-water 
supplies to meet future needs for many years even 
though pumpage is expected to double by 1980. Pump- 
age from wells in the Madison metropolitan area in 
1959 represented 73 percent of the total pumpage in 
the county. The streamflow of the upper Yahara 
Eiver was decreased by an amount about equal to the 
pumpage.

A study of the ground-water resources of Waupaca 
County, by C. F. Berkstresser, Jr., shows that mod­ 
erate to large supplies of ground water of good quality, 
except for excessive hardness and iron, are available 
to wells over most of the county, principally from 
outwash sand and gravel of Pleistocene age. Sand­ 
stones of Cambrian age also are an important aquifer 
in the southeastern part of the county. The average 
annual rate of withdrawal is far below the potential 
available supply.

Ground-water pumpage in Milwaukee-Waukesha area

A study of the heavily pumped Milwaukee-Wauke­ 
sha area, by Eoy W. Eyling and Eickard D. Hutchin- 
son, has shown that the center of the cone of depres­ 
sion stabilized during the past 11 years while the cone 
expanded toward the northwest and deepened more 
than 100 feet, This decline was due to a redistribution 
of pumpage centers toward the recharge area.

MICHIGAN

Quality of surface water on Isle Royale

A reconnaissance of the water quality on Isle Eoyale, 
by C. E. Collier, indicated that the streams have a 
soft calcium bicarbonate type water that is low in 
dissolved solids but highly colored. The igneous bed­ 
rock is resistant to chemical erosion, which results in 
the low dissolved-solids content (52-139 ppm) of the 
water. The high color values (2-75) are contributed 
by dissolved organic material in the water drained 
from the swamps. The annual sediment yield of 
streams draining Isle Eoyale is expected to be less 
than 20 tons per square mile. Most of the land surface 
is protected from erosion by an extensive natural 
forest; and small unforested areas, old fire scars, or
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wamps have good vegetal cover. The many outcrops 
igneous rock are resistant to weathering and con- 

1 ribute little sediment to the streams.

licrease in ground-water pumpage at Lansing

Water-level measurements in the Lansing area, Mich­ 
igan, show that the cone of depression in the pie- 
^ometric surface has expanded considerably since 1945 
4s a result of an increase in pumpage from about 17 
ijngd to more than 25 mgd. Analysis of flow nets by 
Alii Firouzian and K. E. Vanlier indicates that the 
Saginaw Formation, the principal aquifer of the 
urea, has an average transmissibility of 23,000 gpd per 
:'i and that about 3 mgd is recharged to the formation 
: !rom the Grand River. Flow nets also indicate that 
about 220,000 gpd per sq mi is recharged to the for­ 
mation from precipitation.

1 alty ground water along shore of Lake Superior

K. E. Vanlier, in a ground-water study of Alger 
County (1-63), found that the Jacobsville Sandstone of 
Precambrian or Cambrian age yields salty ground 
Water along the shore of Lake Superior in the western 
part of the county. The area of salty water coincides 
with a postulated extension of the Keeweenaw fault.27 
The study indicated that the permeability of the well- 
cemented Jacobsville is the result of fracturing. Gen­ 
erally, the number and size of fracture openings and 
:he permeability of the sandstone decrease with depth. 
In the area of salt water, however, the sandstone 
may be permeable at depth as a result of fracturing 
ilong the fault zone. A permeable zone along the 
fault would provide an avenue of movement for saline 
water migrating from the Michigan basin.

!>urface-water potential of North Branch Clinton River

Surface-water investigations in the North Branch 
Clinton River basin near Mt. Clemens indicate very 
ittle water-supply potential in the streams draining the 
ake plains that comprise about three-quarters of the 

watershed. The summer dry-weather flow recedes to 
zero in many of the small watercourses in the basin. 
Small perennial flows have been noted in the head­ 
waters of Coon, East Branch Coon, and Deer Creeks, 

these waters are dissipated by evapotranspiration 
and seepage so that there is little or no flow in the 
downstream reaches. Streams originating in the mor­ 
aines and deltas in the western part of the basin 
all have perennial flow and a greater dry-weather 
flow, but because the flow is relatively small they can­ 
not support large uses either.

87 Thwaites, F. T., 1935, Post-conference day No. 2, Monday, Sep- 
:ember 2, 1935, Duluth, Minnesota to Iron-wood, Michigan: Kansas 
Jeol. Soc. 9th Ann. Field Conf. Guidebook, p. 221-238.

Base flow in streams draining east slope of Marquette 
moraine

S. W. Wiitala, R. L. Knutilla, and T. G. Newport 
attribute the very high base flows of streams draining 
the eastern slope of the Marquette moraine near Har­ 
vey to discharge of underflow from a large ground- 
water source underlying the adjacent East Branch 
Escanaba River basin. Discharge measurements made 
in August 1962 on Big, Cedar, Cherry, and Silver 
Creeks, all tributaries of the Chocolay River, disclose 
base-flow yields ranging between 1.2 and 4.2 cfs per sq 
mi. Cherry Creek at the Marquette Fish Hatchery 
showed the highest yield, 21 cfs from 5 square miles 
of drainage area. In contrast, concurrent base-flow 
yields in the adjacent Escanaba River basin were gen­ 
erally less than 0.3 cfs per sq mi. Streamflow in the 
general area was relatively low, at flows estimated to 
recur about once in 4 or 5 years. The physical char­ 
acteristics and abundance of the flow in the Chocolay 
tributaries clearly indicate a large nearby ground-water 
source, probably beneath the East Branch Escanaba 
River basin, which lies on the upland just to the west. 
Ground elevations in the East Branch basin are more 
than 500 feet higher than the measurement sites on 
the Chocolay River tributaries.

Quality of surface water in Marquette Iron Range

Surface waters in the Marquette Iron Range are of 
the calcium bicarbonate type, near neutral, and gen­ 
erally soft to moderately hard. E. L. Skinner reports 
that dissolved oxygen is abundant, with 60- to 80-per­ 
cent saturation in the most mineralized streams and 
100 percent or supersaturation in the less mineralized 
and turbulent streams. High color values that range 
from 50 to near 200 are due to drainage from swampy 
peat beds. Although the iron deposits of the Mar­ 
quette Range provide an extensive source for possible 
iron contamination, less than 1 ppm iron is generally 
present, because the stream waters are nearly neutral 
( PH7).

OHIO 

Quality of the Miami River

G. W. Whetstone reports that above Dayton the 
water in the Miami River and its principal tributaries, 
the Mad and Stillwater Rivers, is of calcium magne­ 
sium type and the range in the concentration of dis­ 
solved solids is from 200 to 450 ppm. The param­ 
eters used to measure pollution, that is, dissolved oxy­ 
gen, threshold odor, pH, biochemical oxygen demand, 
and phenol, are generally below the maximum per­ 
missible limits placed on the substances in water by 
health authorities.
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Below Dayton, the Miami River is heavily polluted, 
and during periods of low runoff, the dissolved-oxy- 
gen content of the water in this reach of the river is so 
low that the normal biological processes of self- 
purification are greatly impeded. Substances such as 
phenols are present in amounts offensive to domestic 
water users, and the esthetic value of the water resource 
is reduced by excessive concentrations of ABS, sedi­ 
ment, and trash.

Effect of a farm pond on streamflow

Preliminary analyses by W. P. Cross of the runoff 
measured from 79 acres in central Ohio (annual pre­ 
cipitation 35-40 inches) for 13 years reveals the effect 
of a stock pond, regulating the runoff from 41 acres, 
which was constructed at the end of the 5th year of 
record. Evaporation loss from the pond is about 35 to 
40 inches. Ground-water levels downstream from the 
pond are higher, low flows are maintained for longer 
periods, and high flows are slightly reduced, but major 
floods are not materially affected by the stock-pond 
storage.

Hydrologic atlas of Ohio

Maps of Ohio showing average annual streamflow, 
precipitation, apparent water loss, and mean tempera­ 
ture have been prepared for the period 1931-60. Anom­ 
alies in the water-loss map appear to be associated 
with soil characteristics. A plot of average water loss 
against average temperature shows little scatter except 
for small drainage areas with intermittent flow. The 
study suggests that flow of ground-water beneath 
topographic divides is relatively insignificant or absent, 
and that the long-term runoff is determined by the 
rainfall and temperature.

Ancestral Ohio River valley near Cincinnati

A shallow seismic-refraction survey by J. S. Wat- 
kins (3-63) shows that the bedrock floor of a preglacial 
valley in Hamilton and Butler Counties believed to 
be part of the ancestral (pre-Illinoian) Ohio River 
valley is nearly flat, but that the valley walls are steep. 
The valley floor slopes about 1 foot per mile to the 
southeast. Bedrock in the center of the valley is 
buried in places beneath more than 300 feet of glacial 
deposits. Overlapping seismic lines indicated a shal­ 
low bedrock ledge in a proposed city of Cincinnati well 
field. Other lines, however, indicated areas in the well 
field where the bedrock surface is sufficiently deep to 
ensure adequate water supplies.

Increasing ground-water recharge at Dayton

The chief limitation on the ground-water supply of 
the Dayton area is the rate at which water can infiltrate 
the beds of the streams. Discharge measurements

made at several points along the Miami and Mad 
Rivers in October 1960, at low flow, showed that in­ 
filtration through the streambeds averaged about 1.7 
mgd per acre in spreading ponds on Rohrer's Island 
but only about 0.07 mgd per acre in the Miami River 
in the south part of Dayton. The infiltration rate 
from the river is much higher when the discharge is 
greater than about 2,000 cfs, which occurs, on the 
average, about 20 percent of the time. These facts 
lead to the conclusion that the natural rate of replen­ 
ishment can be materially augmented by regulation of 
streamflow or by the use of stream recharge channels 
and pits.

INDIANA 

Low flow of streams

Records of streamflow, analyzed by R. E. Hoggatt 
(1-62), show that the low flows in the north and 
central parts of the State are generally much better 
sustained than those in the south. On most of the 
streams lying entirely within southern Indiana, the 
minimum 7-day average flow is zero. A comparison 
of average annual runoff with average annual precipi­ 
tation, for the period 1931-60, shows that runoff fol­ 
lows the same general pattern as precipitation.

Transmissibilify of aquifers in Lake County

Tentative evaluation of the geohydrology of Lake 
County by J. S. Rosenshein (1-62) indicates that 
regional values of transmissibility for the principal 
Pleistocene aquifer and the Silurian aquifer are re­ 
spectively about 24,000 gpd per ft and 5,500 gpd per 
ft. Under present conditions, recharge to the artesian 
part of the Pleistocene aquifer is estimated to average 
about 100,000 gpd per sq mi. Recharge to the Silurian 
aquifer is estimated to average about 20,000 gpd per 
sq.mi.

KENTUCKY

Fresh water at extreme depth in western Kentucky

Fresh water has been found locally in Muhlenberg 
County at depths as great as 1,100 feet in a basal 
Pennsylvanian sandstone, according to E. N. Wilson 
and J. A. Van Couvering. The depth of fresh water 
in adjacent areas is generally 200 feet or less. Pre­ 
sumably the water is kept fresh by recharge from the 
surface and migrates rapidly downdip in the relatively 
permeable sandstone.

Ohio River water-bearing deposits

Mapping of alluvial deposits in the Ohio River val­ 
ley by W. E. Price and J. T. Gallaher has located 
numerous alluvium-filled buried bedrock valleys or 
channels not previously known that are potential
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sources of ground water. The most promising sites 
for ground-water development are where the Ohio 
River can recharge the alluvium.

Ground water in Jackson Purchase region

Geohydrologic studies in the Jackson Purchase 
region at the northern end of the Mississippi Embay- 
ment by L. M. MacCary, R. W. Davis, T. W. Lam­ 
bert, and J. H. Morgan show that the Cretaceous and 
Paleozoic aquifers below the Porters Creek Clay will 
yield large supplies of water of good quality and will 
support larger withdrawals than are obtained at pres­ 
ent. At least small supplies of ground water can be 
developed in the outcrop areas of all geologic units 
younger than the Porters Creek Clay. Fresh water 
in Devonian limestone at considerable depth presum­ 
ably is due to the relatively high permeability of the 
limestone, which has allowed flushing of marine waters 
by deep circulation of fresh water.

Ground water from Pennsylvanian rocks in Cumberland 
Mountain area

An investigation by D. S. Mull in the Jenkins- 
Whitesburg area indicated that small to moderately 
[large supplies of ground water can be obtained from 
beds of sandstone in the Lee and Breathitt Forma­ 
tions of Pennsylvanian age. Near the Pine Mountain 
fault system, supplies of fresh water are obtained at 
depths as great as 300 feet; elsewhere in the area, 
salty water generally is reached below a depth of 200 
feet. Evidently the greater number of joints associated 
with the fault system account for locally higher per­ 
meability which permits deeper circulation of fresh 
water.

Surface-water supply in eastern Kentucky

Investigations of water resources of eastern Ken­ 
tucky by G. A. Kirkpatrick, W. E. Price, and R. J. 
Madison show that streams, rather than wells, offer 
the greater potential for development of water sup­ 
plies in this part of the State. The average yield of 
streams at low flow was higher in the Cumberland 
River basin than elsewhere in the region. In some 
areas, streams are polluted by acid mine drainage, 
waste brines from oil fields, and untreated sewage. 
Water from wells is generally of good quality, but 
wells drilled 100 feet or more into rock may yield salt 
water.

TENNESSEE

Large additional ground-water supply in western 
Tennessee

Although new wells are continually being drilled 
in western Tennessee, G. K. Moore reports that the 
ground-water supply from aquifers of the Claiborne

Group will be adequate for many years to come. Total 
withdrawal currently is about 157 mgd, whereas the 
aquifers are probably potentially capable of delivering 
over 600 mgd. The potential recharge in the outcrop 
areas of the aquifers cannot be estimated at present 
but probably greatly exceeds the transmitting capacity 
of the aquifers. The effects of additional large-scale 
development will be (1) a drop in local and regional 
water levels in proportion to the increase in pumpage, 
(2) an increase in the net inflow of ground water 
from adjacent States, and (3) an increase of recharge 
to the aquifers in the areas of outcrop at the expense 
of surface runoff.

Depletion of artesian pressure near Memphis

A study of ground-water conditions in the Memphis 
area by J. H. Oiner, P-C Sun, and D. J. Nyman 
(1-63) indicates that water-table conditions are being 
approached in the "500-foot" sand of the Claiborne 
Group in the southeastern part of the Shelby County, 
which was artesian before the effect of heavy pumping 
in Memphis reached the area.

Pumpage from the "500-foot" sand in the Memphis 
area was about 135 mgd in 1960. According to G. K. 
Moore the effect of this pumpage has lowered water 
levels in about 750 square miles of the aquifer outcrop 
belt in Tennessee and has increased annual recharge 
from an estimated 0.8 inches of water to 2.2 inches.

Residuum forms ground-water reservoir in the Highland 
Rim

One of the most important factors controlling the 
occurrence of ground water in the Western Highland 
Rim is deep weathering of the Fort Payne Chert, ac­ 
cording to M. V. Marcher, R. H. Bingham, and R. E. 
Lounsbury. Residuum derived from the Fort Payne is 
more than 100 feet thick near Waverly and Hohenwald 
in Humphreys and Lewis Counties. This residuum acts 
as a sponge, soaking up rainfall, storing it, and gradu­ 
ally releasing it through springs, thus maintaining the 
relatively high minimum flow that characterizes the 
perennial streams of the area. When tapped by wells 
the residuum locally yields as much as several hundred 
gallons per minute. Springs draining the residuum 
commonly have a uniform flow and contain relatively 
small amounts of dissolved solids.

ARKANSAS

An investigation of ground-water levels in deposits 
of Quaternary age in the Grand Prairie area by R. O. 
Plebuch (1-62) indicates that the cone of depression has 
enlarged to the northwest between 1953 and 1961. The 
largest decline of water levels, as much as 9 feet, took 
place between Stuttgart, in Arkansas County, and
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Lonoke, in Lonoke County. Ground-water levels de­ 
clined from 5 to as much as 16 feet between 1953 and 
1961 in parts of western Cross and Poinsett Counties.

Water levels rose in deposits of Quaternary age 
throughout the area between Crowleys Eidge and the 
Mississippi River between 1955 and 1962.

ALABAMA

Source of iron-free ground water near Selma

A ground-water study in Dallas County by John C. 
Scott indicates that in updip areas, water in the princi­ 
pal aquifer, the Eutaw Formation of Cretaceous age, 
generally contains more than 1.0 ppm of iron; downdip 
to the southwest the water generally contains less than 
0.3 ppm of iron. The city of Selma may be able to elimi­ 
nate the costly process of treating 3 to 5 mgd of ground 
water for the removal of iron by locating its new well 
field 1 to 2 miles south or southwest of the present well 
field. 
Little depletion of ground water in Escambia County

In a ground-water study of Escambia County, Joseph 
W. Cagle, Jr., and J. G. Newton (1-63) report that 
water levels and flows of artesian wells tapping the 
Miocene rocks near Pollard are virtually the same as 
recorded in 1905 (E. A. Smith 28 ). Recharge from 
underlying limestones of Oligocene age, tapped by few 
wells in the area, has probably prevented the significant 
declines noted in similar areas. The hardness of water 
from the Miocene in the Pollard area and other nearbj 
areas of flow generally exceeds 50 ppm but in areas of 
nonflow the hardness of water from the Miocene gen­ 
erally is less than 10 ppm. This anomaly indicates that 
a part of the recharge to the Miocene in areas of flow 
is from the underlying limestones.

Surface-water supplies in Tuscaloosa area

A study of the surface-water resources of Tuscaloosa 
County by L. B. Peirce 29 and R. G. Grantham finds that 
the county is well supplied with surface water generally 
of good chemical quality. Annual runoff does not vary 
greatly over the county and averages about 19.5 inches. 
Streams in the northeastern half of the county are more 
variable in flow than those of the southwestern half, 
but offer better possibilities for the construction of 
storage reservoirs. Since 1900, damaging floods on the 
Black Warrior River have occurred once in about 10 
years on the average. The temperature of stream water 
closely follows air temperature and is little affected by 
variations in discharge except in spring-fed streams. 
Most of the streams range in temperature from freezing

i28 Smith, E. A., 1907, The underground water resources of Alabama: 
Alabama Geol. Survey, 388 p.

29 Peirce, L.B., 1961, Surface water in Tuscaloosa County, Alabama: 
Alabama Geol. Survey County Kept. 9.

to 90°F, but streams fed by large springs may be as 
much as 10° cooler than adjacent streams during the 
summer. In general, the stream waters are low in 
mineral content. Over a 5-year period, samples ranged 
in hardness from 6 to 96 ppm.

MISSISSIPPI

Untapped reserves of ground water

Recent studies by B. E. Wasson (2-63) centered in 
Attala County and the area to the west and northwest 
in central Mississippi indicate large reservoirs of fresh 
ground water in sands of the Wilcox Formation and 
Claiborne Group (Eocene), some of which are virtually 
untapped. Electric logs of oil-test borings and selected 
analyses of water samples indicate that in western 
Attala County and adjacent Holmes County about 3,000 
feet of Tertiary sediments contain several aquifers con­ 
taining soft to moderately hard water. Individual 
wells tapping two of the aquifers have been tested at 
rates of 1,000 gpm or more,

Potential industrial supply in Mississippi River deposits

Pleistocene sand and gravel deposits along the Missis­ 
sippi River, south of Natchez, are in hydraulic connec­ 
tion with the river and yield 40-50 mgd for industrial 
supplies near Natchez with no apparent indication of 
overdraft, according to E. J. Harvey. These deposits 
are a potential source of fresh water in a 50-mile stretch 
between Natchez and the Louisiana line but have not 
been utilized except in the Natchez area.

Untapped source of ground water in northeast 
Mississippi

J. W. Lang and E. H. Boswell report that highly 
productive untapped aquifers in the Tuscaloosa Group 
of Upper Cretaceous age were found by a 1,350-foot 
test well at West Point, Miss. Drilled to the Paleozoic, 
this well extends the area of known potable water in 
the Tuscaloosa 20 miles northwestward from an earlier 
test well, south of Columbus, which flowed 2,300 gpm. 
The sands of the Tuscaloosa thin rapidly updip (east­ 
ward) and wedge out against the Paleozoic surface in 
south-central Monroe County, but probably become con­ 
siderably thicker downdip. The sand in the Coker 
Formation of the lower part of the Tuscaloosa section 
has been found to be the most important potential source 
of water for large-capacity wells in all or parts of 10 
counties.

Devonian chert aquifer along Tennessee River

An aquifer in chert correlative with the Camden 
Chert (Devonian), exposed along the Tennessee River 
about 25 miles northeast of Corinth, has been found to 
underlie most of Alcorn County and all or parts of sev­ 
eral adjacent counties, where it is a potential source
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for public and industrial water supplies, according to 
E. H. Boswell, B. E. Ellison, and E. J. Harvey (1-63). 
Test drilling revealed that the chert is highly variable 
in hydrologic characteristics but, in places, yields more 
han 800 gpm to wells. In other places, secondary 

cementing of fractures or lack of fractures results in 
^ery low yields to test wells. Water quality is superior 
[to that of the shallower Cretaceous deposits, which con­ 
tain excessive iron.

Untapped supplies of ground water near Vicksburg

On the basis of electrical logs of oil tests and of known 
geologic structure, the Warren County Port Commis­ 
sion drilled a 2,206-foot exploratory hole near Vicks­ 
burg to test the water-yielding potential of the Sparta 
Sand of Eocene (Claiborne) age. Although the Sparta 
ncludes several hundred feet of sand and clayey sand 
and stores a large volume of warm (96°F) soft, sodium 
bicarbonate water of moderate mineral content, E. J. 
Harvey and J. A. Callahan 30 report that the color 
would limit its usefulness for many needs. The aquifer, 
which is not used in the Vicksburg area, has a head of 
about 40 feet above land surface 011 the Mississippi 
alluvial plain and is a potential source of supply for 
ertain industrial and other uses. At Jackson, 40 miles 

Bast of Vicksburg, wells tapping the Sparta yield 500- 
800 gpm for industrial 'and suburban public supplies.

Stream losses to Cretaceous rocks in Tombigfoee River 
basin

Studies of base flow by H. G. Golden 31 in the Tom- 
Digbee River basin showed appreciable water losses to 
:he sands and gravels of the Gordo and Eutaw For­ 
mations from Luxapalila Creek. It was formerly 
.hought that the streams gained water in crossing these 
!ormations.

LOUISIANA

round-water supplies in Mississippi River alluvium

Fresh ground water is available from alluvial de­ 
posits of the Mississippi River and older deltaic de­ 
posits, all of Pleistocene age, in most of the area along 
Jie Mississippi River between Baton Rouge and New 
Orleans. G. T. Cardwell, J. R. Rollo, and R. A. Long 
state that yields of 2,000 gpm, or more, of hard water
an be obtained from wells 150 to 300 feet deep in the 

alluvium; wells 200 to 800 feet deep tapping sands in
Ider deltaic deposits yield several hundred to more 

than 2,000 gpm of soft to moderately hard water. 
Along the southern margin of the area, and locally in

1 Harvey, E. J., and Callahan, J. A., 1962, Memorandum on the 
ground-water potential of the Vicksburg industrial park area, Vicks- 
urg, Mississippi: Mississippi Board Water Comm., duplicated report, 

p., 2 figs.
81 Golden, H. G., 1962, Low-flow characteristics, Tombigbee River 

asin, Mississippi: Mississippi Board Water Comm. Bull. 62-2, 32 p.

the area, salty water in the base of aquifers limits the 
development of fresh water.

Large amounts of ground water north of Baton Rouge

According to C. O. Morgan, large supplies of fresh 
ground water are available from fresh-water-bearing 
aquifers of Tertiary age in East Feliciana and West 
Feliciana Parishes. Water-level declines of as much as 
4.7 feet per year in some aquifers are attributed to large 
withdrawals in the Baton Rouge area to the south.

Huge reserves of ground water in southeastern Louisiana

A reconnaissance of southeastern Louisiana by M. D. 
Winner, Jr., shows an abundant, untapped supply of 
fresh, artesian water in the unconsolidated Tertiary and 
Quaternary deposits. Fresh water occurs at depths as 
great as 3,500 feet below mean sea level, and as many as 
10 different aquifers can be tapped at any one site. 
Total ground water in storage is estimated to be about 
240 trillion gallons; withdrawals are about 30 mgd.

Water levels stabilized in rice-growing district

H. M. Whitman and C. Kilburn report that about 200 
billion gallons of ground water was pumped for all pur­ 
poses from the main aquifer in the rice-farming area of 
southwestern Louisiana during 1961. Despite large 
withdrawals, the weighted-average water level as com­ 
puted for the entire area has remained virtually un­ 
changed since 1955.

Water-bearing deposits of Vernon and Rapides Parishes

Subsurface studies in Vernon Parish by J. E. Rogers 
and in Rapides Parish by Roy Newcome, Jr., have 
shown that the thick water-bearing sequence of Miocene 
sediments in central Louisiana can be subdivided, on the 
basis of sandy versus clayey zones, into units correspond­ 
ing to the exposed members that we're mapped by 
H. N. Fisk in 1940, and by R. N. Welch in 1942.

Sustained low flows in Vernon and Rapides Parishes

Many streams in Vernon Parish have well-sustained 
low flow during periods of low rainfall, according to 
A. J. Calandro. Streams having a drainage area of 
more than 20 square miles have an average 7-day, 2- 
year low flow of almost 2 cf s. Streams in the north­ 
eastern section have less flow per unit of area than 
other streams of the parish. Areas of less than 50 
square miles in the headwaters of the Calcasieu River 
will be dry for a 7-day period, on the average, once in 
10 years.

Similar studies of the streams of Rapides Parish by 
Raymond Sloss indicate well-sustained fair-weather 
flows; however, the runoff in the Calcasieu River basin 
is less well sustained than that of other streams in the 
parish. The largest source of surface water is Red 
River, which had an average flow of 32,400 cf s for the
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33 years 1928-60. The water of the Red Elver is highly 
mineralized at times, which limits its use for municipal 
or most industrial uses; however, it is of moderately 
good quality during the irrigation season.

Quality of stream waters near Monroe

A study of several streams in the vicinity of Monroe 
indicates that Bayou Bartholomew could be utilized as 
an alternate or supplemental source of water for the 
needs of Monroe, on the basis of acceptable quality, 
according to S. M. Rogers and S. F. Kapustka. 
Chloride content is the limiting factor for the Ouachita 
River as a water source for municipal use. During 
wet seasons, the Ouachita River is acceptable as a 
municipal supply for longer periods than during nor­ 
mal or dry seasons. Ouachita River water can be used 
by pumping into reservoir storage or directly during 
periods of acceptable quality.

ROCKY MOUNTAIN AREA

All of the six major water problems of the Nation  
distribution, supply, variability, chemical quality and 
sediment load, pollution, and floods, are present in the 
Rocky Mountain area, which in this discussion in­ 
cludes also Arizona, Texas, and the plains States, but ex­ 
cludes Idaho. The problems of distribution and sup­ 
ply are the most critical and are widely prevalent in the 
area. Mean annual runoff ranges from as much as 20 
inches or more in some of the high mountain areas down 
to practically zero in the desert regions. Surface flows 
are highly variable throughout the area, and large de­ 
pendable supplies require regulation by storage. 
Losses by evaporation from the soil and from open- 
water surfaces of ponds, lakes, and streams constitute 
large items in the water accounting for the area. The 
consumption of water by nonbeneficial plants is a large 
drain on available supplies the rapid infestation of 
many stream valleys in the southwest by saltcedar con­ 
stitutes an especially serious problem.

Ground water is of greatest importance, both as a 
supplement to surface water in some areas and as the 
only source of supply in many of the arid and semiarid 
sections, Overdevelopment, with consequent lowering 
of water tables, is occurring in many areas and has in­ 
creased the demand for quantitative evaluations of the 
availability of ground water. There is an increasing 
interest in the interrelations between surface water and 
ground water and of the possibilities for management of 
ground-water reservoirs to supplement surface-water 
supplies.

Deterioration in the chemical quality of both surface 
and ground waters has occurred in many areas because 
of the -leaching of salts from the soils by irrigation

water. Oil-field brines have contaminated both surface 
and ground waters in some areas. Although much has 
been and is being accomplished in the alleviation of 
this problem through disposal of the brines into deep 
zones through injection wells, many problem areas 
still exist. Saline springs, particularly in the Permian 
basin in parts of Oklahoma, Texas, and New Mexico, 
contribute large salt loads to streams and seriously limit 
the utility of some surface waters. Heavy sediment 
loads in streams draining credible soils, especially in 
arid and semiarid areas, constitute serious problems in 
regard to the siltation of reservoirs and the deteriora­ 
tion of stream channels.

MONTANA

Ample ground water from Cenozoic deposits in Missoula 
Valley

Cenozoic deposits in the Missoula Valley yield 1,000 
to 4,000 gpm from wells less than 250 feet deep, accord­ 
ing to R. G. McMurtrey, R. L. Konizeski, and A. Briet- 
krietz. The pumping of about 10 mgd from one part 
of the valley has caused an average water-level decline 
of about 7 feet in an area of about 4 square miles.

Buried valley of Yellowstone River yields water

Finding the buried valley of the ancestral Yellowstone 
River west of Sidney resulted in the drilling of a 
municipal well capable of yielding more than 1,000 
gpm of good quality water, according to F. A. Swenson. 
Numerous wells of low yield drilled in the past all 
found less than 50 feet of water-bearing sand and 
gravel; more than 110 feet of aquifer at the well site in 
the ancient channel west of town is indicated by the 
study of the U.S. Geological Survey.

Streams disappear into Madison Limestone in Judith 
River basin

In the western Judith River basin, E. A. Zimmerman 
observed that several streams with a flow as much as 20 
cfs disappear entirely into sinks in the Mississippian 
Madison Limestone. No discharge from the Madison 
was found in the study area.

Mud springs in Judith River basin

In the same area Zimmerman found interesting mud 
springs, locally called "geysers," in the vicinity of 
Geyser. In the springs, fluid bentonitic mud stands at 
the land surface, and quaking ground surrounds the 
main vents, but little or no mud issues from the mud 
springs. One of the springs was pumped down 3 feet, 
and about 1 month was required for recovery of the 
fluid level. It is thought that the springs are artesian 
and that flow is impeded by the weight of the bentonitic 
mud in the vents.
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NORTH DAKOTA

Buried valley traced in southeastern part of State

T. E. Kelly reported that test drilling in northwestern 
Barnes County revealed a buried glacial valley more 
than 30 miles long and locally more than 10 miles wide, 
concealed beneath morainic deposits. As much as 100 
feet of water-bearing sand and gravel lies between the 
depths of 100 and 200 feet.

Glacial deposits yield large water supplies near Bismarck

P. G. Randich reported that wells in Burleigh County 
yield as much as 1,000 gpm from glacial deposits filling 
preglacial drainage channels. The aquifers contain 
mostly melt-water sand and gravel, and are recharged 
from adjacent out wash deposits. The water contains 
considerable sodium, but the quality of the water im­ 
proves gradually with continued pumping.

WYOMING

Natural gas in water from Fort Union Formation

According to T. R. Cummings, many water wells in 
Sheridan and Johnson Counties yield natural gas, par­ 
ticularly where coal or carbonaceous material occurs in 
the Tertiary Fort Union Formation. Some wells yield 
as much as 2 liters of gas per liter of water. Some flow­ 
ing wells may flow by gaslift. The gas is principally 
methane, but it also contains some nitrogen, carbon di­ 
oxide, oxygen, and ethane, and trace amounts of propane 
and isobutane. Several possible sources may be postu­ 
lated for the oxygen, nitrogen, ethane, and higher 
paraffin hydrocarbons, but the bulk of the methane, 
nitrogen, and carbon dioxide is thought to originate in 
coal or carbonaceous material.

Reduced sediment loads in Wind River tributary

From study of sediment samples from Fivemile 
Creek, Fremont County, T. F. Hanly found that less 
sediment was transported during 1951-61 than form­ 
erly, even though annual runoff increased each year 
except the drought years 1960 and 1961. Channel-pro­ 
tection measures by the U.S. Bureau of Reclamation 
and the general absence of floods during 1951-61 seem 
to be the reasons for the reduced sediment load.

Ground water for supplemental irrigation in Star Valley

According to E. H. Walker, considerable ground 
water from gravel is available in Star Valley for possi­ 
ble supplemental irrigation. Salty water at some places 
in the valley comes from solution of beds of rock salt in 
the Jurassic Preuss Sandstone.

Stock water in northern Great Divide basin

C. E. Sloan's reconnaissance of the Seven Lakes Unit 
in the northern part of the Great Divide basin indicates

that ample supplies of stock water can be developed 
from shallow depths in the alluvium of larger stream 
valleys and small closed basins. Wells in the upland 
areas generally obtain ample supplies at depths of 100 
to 400 feet from bedrock formations of Eocene Age. 
Wells drilled on Battle Springs Flat to depths of 100 
to 300 feet generally flow at the land surface.

Ground water for Devils Tower National Monument

An investigation by H. A. Whitcomb and E. D. Gor­ 
don of the availability of ground water of suitable chem­ 
ical quality for a public supply at Devils Tower Na­ 
tional Monument resulted in the drilling of a deep test 
well to determine the quantity and quality of water that 
might be developed from the Minnelusa Formation 
(Pennsylvanian and Permian) and the underlying 
Pahasapa Limestone (Mississippian). As expected, 
water in the Minnelusa Formation was found to be too 
highly mineralized for domestic use. Drilling was con­ 
tinued until a cavernous zone was penetrated about 24 
feet below the top of the Pahasapa, at a depth of 1,323 
feet, and drilling was terminated in the cavernous lime­ 
stone at a depth of 1,340 feet. The water in the Paha­ 
sapa Limestone is under sufficient artesian pressure to 
rise to within 21 feet below the land surface. Chemical 
analysis of the water shows it to be of the calcium sul- 
fate type, very hard, and of only moderate mineraliza­ 
tion for the area (533 ppm of dissolved solids). The 
water was judged acceptable by the National Park 
Service, and the well was completed in September 1962 
as a public and domestic supply for the Monument.

SOUTH DAKOTA

Water from pre-Cretaceous rocks in Black Hills area

According to C. F. Dyer and M. J. Ellis, the quality 
of water available from pre-Cretaceous aquifers in 
western South Dakota does not necessarily correspond 
to the depth of the aquifer below land surface. Near 
the Black Hills all pre-Cretaceous aquifers yield water 
containing less than 3,000 ppm total solids and, in some 
localities, may yield water containing less than 500 ppm 
total solids. In some parts of western South Dakota, 
deep aquifers yield better water than shallow ones. In 
Haakon, Jackson, Jones, and Stanley Counties, carbon­ 
ate rocks of the Mississippian Madison Group, prob­ 
ably the Mission Canyon Limestone, yield water that 
contains several hundred to 1,000 ppm less total solids 
than water from the stratigraphically higher Cretace­ 
ous Inyan Kara Group. In some localities the Madison 
Group yields water of better quality than that obtained 
from the overlying Minnelusa Formation of Pennsyl­ 
vanian age.
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Artesian-head decline in Dakota Sandstone

The head of artesian water in the Dakota Sandstone 
in 21 counties in southeastern South Dakota declined 
0.5 to 1.5 feet a year during the period 1958-62. Ac­ 
cording to C. F. Dyer and A. J. Goehring, no regional 
pattern of total decline or rate of decline has been no­ 
ticed and the head has risen slightly in a few observa­ 
tion wells. In general, areas of flowing artesian wells 
have shown the largest decline in head.

Shallow aquifers on Pine Ridge Indian Reservation

Ground water in sufficient quantities for domestic 
and livestock requirements is, according to M. J. Ellis, 
available from five shallow aquifers throughout the 
Pine Eidge Indian Reservation, except in areas along 
the western and northwestern boundaries where the 
Pierre Shale is exposed at the surface. Wells to the 
Arikaree Formation, the most extensive and commonly 
used aquifer, range from 100 to 450 feet in depth and 
yield moderate amounts of good quality water.

Ground-water storage in Lake Madison area

M. J. Ellis and D. G. Adolphson found that outwash 
deposits in the Skunk Creek-Lake Madison drainage 
basin apparently are not hydraulically connected ex­ 
cept by surface flow and may act as three separate 
aquifers. The northern aquifer, which contained an 
estimated 74.000 acre-feet of ground water in storage 
in 1962, is separated from the middle aquifer by ter­ 
minal-moraine deposits. The middle aquifer, which 
contained an estimated 48,000 acre-feet of ground water 
in 1962, is separated from the southern aquifer by a 
high in the Precambrian surface. The southern aquifer 
contained an estimated 45,000 acre-feet of ground water 
in 1962.

Concentrations of sodium and boron in the three 
aquifers are low enough that the water is satisfactory 
for irrigation. The water has a medium to high salin­ 
ity hazard and should be used only on soils having 
good drainage or on plants having moderate to good salt 
tolerance.

Glacial-drift aquifers in Sanborn County

L. W. Howells 32 reports that more than 370 square 
miles of Sanborn County is underlain by glacial-drift 
aquifers that contain 10 feet or more of saturated sand 
and gravel. Aquifer tests disclosed that the coeffi­ 
cients of transmissibility in the major glacial-drift 
aquifers ranged from 25,000 to 230,000 gpd per ft.

The uppermost and most widely developed bedrock 
aquifer, the Niobrara-Codell aquifer, comprises a per-

32 Steece, F. V., and Howells, L. W., 1963, Geology and ground-water 
resources of Sanborn County, South Dakota with a section on magnetic 
anomalies by B. C. Petsch and a section on quality of water by R. L. 
Kilzer: South Dakota Geol. Survey Bull. 16.

meable zone near the base of the Niobrara Formation 
and the top of the Codell Sandstone Member of the 
Carlile Shale. Geochemical and drilling data indicate 
that the Niobrara-Codell receives recharge from the 
Dakota Formation in or near southeastern Sanborn 
County, and that it discharges water to and receives 
recharge from overlying glacial outwash deposits in 
northwestern Sanborn County. The Niobrara-Codell 
aquifer yields soft to moderately hard saline water that 
has a high boron content.

Shallow outwash deposits in Beadle County

Shallow glacial-outwash aquifers 25 feet or more 
thick may underlie as much as 500 square miles in 
Beadle County, according to L. W. Howells, J. C. 
Stephens, and L. S. Hedges. An additional 250 square 
miles in the county may be underlain by shallow aqui­ 
fers ranging in thickness from 10 to 25 feet. Much of 
the water in the outwash aquifers is of borderline 
quality for irrigation.

The Cretaceous Pierre Shale is exposed at several 
localities in eastern and southwesternBeadle County, 
and underlies the glacial drift in all but the central 
and south-central parts of the county, where the drift 
is underlain by the Cretaceous Niobrara Formation. 
A buried valley in northern Beadle County is eroded as 
much as 200 feet below the general bedrock surface and 
locally may cut entirely through the Niobrara into the 
underlying Cretaceous Carlile Shale. The material 
filling the valley generally is fine grained and has low 
permeability, but locally it yields sufficient water for 
irrigation wells.

Although earlier studies showed that preglacial 
drainage was southward through Beadle County, 
preliminary data from the current study indicate that 
major drainage was northward.

NEBRASKA

Large yields from wells in Nemaha River valley

According to C. F. Keech, a study of 'Richardson 
County indicates that yields of as much as 650 to 1,000 
gpm are obtainable in a small area immediately north­ 
west of the town of Eulo and in the Nemaha River 
valley south of Eulo and east of Falls City. In most 
parts of the county, particularly in upland areas, few 
wells yield as much as 100 gpm.

Water of Pl'atte River suitable for irrigation

According to S. C. Downs, 3 years (1959-61 water 
years) of record indicates that water planned for di­ 
version from the Platte Eiver near Overton, Nebr., is 
of good quality for irrigaton in the Mid-State Reclama­ 
tion District. Dissolved solids ranged from 350 to 800 
ppm and averaged about 550 ppm. The water is of the
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calcium bicarbonate type and has no residual sodium 
carbonate. The average values are 785 micromhos per 
centimeter at 25°C. for specific conductance, 34 for per­ 
cent sodium, 1.8 for sodium-adsorption ratio, and 0.13 
ppm for boron content.

Ground water throughout the district also is of the 
calcium bicarbonate type. Dissolved solids range from 
196 to 1,280 ppm. Generally, water from wells less than 
60 feet deep has a greater dissolved-solids content than 
water from wells 60 to 200 feet deep. Observations in 
the fall indicate annual changes in dissolved-solids con­ 
tent of as much as 30 percent for water from some wells.

UTAH

Thick water-bearing deposits in Sevier River basin

According to C. H. Carpenter and L. J. Bjorklund, 
test drilling in the upper Sevier River valley revealed 
that the valley fill ranges in proven maximum thickness 
from 100 to more than 800 feet, is mostly saturated, con­ 
tains many highly permeable zones, and contains ground 
water that is fresh and potable. Several valleys in the 
basin are about 6 to 40 miles long and about 1 to 5 miles 
wide. Ground water in these valleys occurs under both 
water-table and artesian conditions, and most of the 
valleys are drained by effluent streams.

Another test-drilling program, in the central Sevier 
River valley, indicated to R. A. Young and C. H. Car­ 
penter, that the valley fill generally is more than 800 feet 
thick, is mostly saturated, contains many highly perme­ 
able zones, and that most of the ground water is fresh 
and potable. The valley fill is about 80 miles long, 
about 1 to 8 miles wide, and consists of 5 segments, each 
of which is an individual ground-water reservoir having 
water-table conditions in the upstream and lateral parts 
and artesian conditions in the downstream and middle 
parts.

Interconnection of aquifers in Sevier Desert

R. W. Mower reports that a shallow and a deep ar­ 
tesian aquifer beneath the Sevier Desert are separated 
by a "confining" bed that is five times thicker near the 
flanking mountains than it is near the middle of the 
desert. No hydraulic connection between the two 
aquifers is apparent where the confining bed is thick, 
but where it is thin, about 8 miles north-northwest of 
Delta, pumping from either aquifer affects water levels 
in the other.

Mineral content of ground water increasing in Pavant 
Valley

R. W. Mower also found that the concentration of 
dissolved minerals in ground water in the southern part 
of Pavant Valley is increasing, owing to the transpira-
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tion of water by irrigated plants and evaporation from 
irrigated land. Recharge from irrigation is only about 
half the water pumped, and small amounts of water 
leave the aquifer as underflow, the only natural dis­ 
charge. Accordingly, the amount of ground water in 
storage is diminishing.

Municipal and industrial supplies in upper Price River 
valley

Considerable artesian water for municipal and in­ 
dustrial use is available in the upper Price River valley 
in Utah and Carbon Counties according to R. M. Cor- 
dova. The water comes from the North Horn Forma­ 
tion (Cretaceous and Tertiary) and the Flagstaff Lime­ 
stone (Tertiary), which have an estimated combined 
transmissibility of 50,000 gpd per ft. Movement of 
water is controlled by a small, shallow faulted syncline.

Water levels declining in Tooele Valley

Water levels declined as much as 12 feet in the Tooele 
Valley during the 1962 irrigation season, according to 
J. D. Gates; the maximum decline was in areas of con­ 
centrated pumped or flowing wells. Several pumping 
tests in the areas of greatest yield indicated trans- 
missibili.ties from 10,000 to 1 million gpd per ft.

Quality of fish-hatchery water supplies

The chemical characteristics of water used in 11 fish 
hatcheries in Utah were studied by C. G. Mitchell. 
Water supplies of most hatcheries in the State contain 
150-250 ppm of dissolved solids, have a hardness of 
100-250 ppm (as CaCO3 ), and are of the calcium bi­ 
carbonate type. The water used in 3 of the 11 hatch­ 
eries is of the calcium sulfate type and has a hardness 
of 250-650 ppm. These waters commonly are more 
highly mineralized and contain from 300 to as much as 
950 ppm of dissolved solids.

Winter runoff low in 1962-63

After a series of dry winters, Utah received in the 
winter of 1961-62 one of the best snow crops in a decade, 
according to G. L. Whitaker. The mean discharges for 
water year 1961-62 at practically all stream-gaging sta­ 
tions were the greatest since 1952. However, a severe 
drought began during the summer of 1962 and lasted 
until February 1963. Runoff during October through 
December 1962 was very little greater at most gaging 
stations and actually less at some stations than for the 
same period in 1961 the second driest year of record. 
Water in storage as soil moisture and ground water is 
low, and thus considerable precipitation will be needed 
to replenish these deficiencies before normal streamflow 
will be resumed.
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COLORADO

Possibilities of water salvage in Arkansas River

Studies by C. T. Jenkins, E. A. Moulder, and R. H. 
Langford of the hydrology of the Arkansas River in 
southeastern Colorado indicate that most water short­ 
ages during the last 20 years have been due to seasonal 
variations rather than to deficient yearly supply. A 
trend of increased consumptive use of water is ex­ 
plained as due in part to increasing use of ground 
water. They conclude that ground-water draft can be 
further increased without adverse effect. Substantial 
amounts of water could be salvaged by elimination of 
phreatophytes and by replacement of inefficient shallow 
off stream surface reservoirs with ground-water storage.

Ground-water supplies near Boulder

Small supplies of ground water are available near 
Boulder from two main sources: the sandstone beds of 
the Cretaceous Laramie and Fox Hills Formations, and 
the alluvium of major creeks. Depths of wells in the 
sandstone beds range from 50 to 800 feet, and some 
wells yield as much as 70 gpm; however, yields ranging 
from 5 to 20 gpm are more common. Depths of wells in 
the alluvium range from 10 to 40 feet, and conventional 
wells in the alluvium of Boulder, South Boulder, Coal, 
and Left Hand Creeks yield as much as 50 to 200 gpm, 
but yields from 5 to 25 gpm are more common.

Water use in lower Cache la Poudre basin

About 70,000 acre-feet of water is pumped annually 
from 1,100 irrigation wells in the lower Cache la Poudre 
River basin of north-central Colorado, according to 
L. A. Hershey and P. A. Schneider, Jr. Wells tapping 
Pleistocene valley fill yield 50 to 2,000 gpm. Approxi­ 
mately 900,000 acre-feet of water is available annually 
to the area through precipitation (500,000 acre-feet), 
natural streamflow (250,000 acre-feet), and transmoun- 
tain diversion (150,000 acre-feet). Most of the 500,000 
acres in the area is devoted to agriculture, and about 
250,000 acres is irrigated. Ground water is used as a 
supplemental supply on about 70,000 acres. About 
65,000 acre-feet leaves the area as surface flow and 5,800 
acre-feet as ground-water outflow.

About 700,000 acre-feet of ground water is in storage 
in the valley fill, and about 100,000 acre-feet discharges 
annually from the valley fill to the Cache la Poudre 
River. Water from the valley fill generally contains 
large amounts of dissolved solids, principally calcium 
bicarbonate and sulfate. Domestic and stock wells ob­ 
tain sodium bicarbonate water of better quality from 
the Upper Cretaceous Fox Hills Sandstone and Lara­ 
mie Formation, which underlie the eastern two-thirds 
of the area.

Base exchange in artesian water near Grand Junction

In the Grand Junction area, S. W. Lohman (1-62) 
found a nearly linear decrease in hardness of artesian 
water in the Jurassic Entrada Sandstone, with increased, 
distance basinward from the outcrop. This resulted 
from natural softening by base exchange between the 
water and clay minerals in the sandstone.

Ground-water supplies in Rocky Mountain National Park

Terrace deposits of the North Fork of the Colorado 
River, in the western part of Rocky Mountain National 
Park, are at least 84 feet thick and are capable of yield­ 
ing moderate quantities of water to wells, according to 
P. T. Voegeli, Sr. Surficial deposits in the 50-square- 
mile drainage area above the mouth of the North Fork 
discharge 500 to 600 acre-feet of water per month to the 
river during low flow.

Gound-water supplies in Otero and Crowley Counties

Approximately 760,000 acre-feet of water could be 
developed annually from unconsolidated aquifers in 
Otero and southern Crowley Counties, Colo., according 
to W. G. Weist, Jr., and E. D. Jenkins. They estimate 
further that 200,000 acre-feet could be developed from 
consolidated artesian aquifers in the area. About 60,000 
acre-feet was withdrawn by pumping for all purposes 
in 1962. Along the Arkansas River valley in this area, 
nearly 270,000 acre-feet is diverted from the river, and 
another 40,000 acre-feet is pumped for irrigation. 
About 26 percent of this water becomes available for 
reuse either through seepage and return streamflow or 
by pumping.

KANSAS

Ground water in unconsolidated deposits contaminated 
by brines

C. K. Bayne (1-62) reports nearly 250,000 acre-feet 
of water in storage in alluvium and Pleistocene terrace 
deposits in Crowley County. Most of this is in terrace 
deposits of Wisconsin age and Recent alluvium which 
have been polluted by oil-field brines and natural brines 
from underlying Permian rocks. The brines are more 
concentrated near the base of the aquifers, and move 
downstream at a rate of about a quarter mile per year. 
Several supply wells for the city of Winfield have been 
abandoned 'because of high brine concentration. It was 
suggested that a horizontal well be constructed in the 
upper part of the aquifer so as to skim off the fresh 
water without getting any of the deeper, heavier salt 
water.

Ground-water levels declining in Grant and Stanton 
Counties, Kans.

From comparison of 1939-42 and 1960 water-table 
contour maps, S. W. Fader, E. D. Gutentag, D. H. Lob-
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meyer, and W. R. Meyer found that the weighted- 
average water level in Grant and Stanton Counties in 
western Kansas had declined 7.8 feet. The maps also 
indicated that (1) about 60 mgd of ground water was 
flowing into the area from the west and about 90 mgd 
was flowing eastward from the area; (2) pump big for 
irrigation between 1940 and 1960 had not appreciably 
changed the inflow and outflow rates during the 20- 
year period; and (3) recharge from precipitation prob­ 
ably was less than 10 percent of the 1959 pumpage; 
thus, about 90 percent of the water pumped came from 
storage. Using a computed apparent coefficient of stor­ 
age of 0.32, it is estimated that the weighted average 
water level will decline about 1.2 feet per year at the 
1959 pumping rate.

Fossils identified by E. D. Gutentag and other evi­ 
dence indicate that the Pleistocene deposits in this area 
are 400 feet or more thick, a thickness considerably 
greater than that found by previous investigators on 
the basis of less adequate data.

Surface storage for maintenance of streamflow

Records of streamflow at 113 sites in Kansas analyzed 
by L. W. Furness (1-62) show the opportunity of stor­ 
ing natural streamflow at these sites for release in time 
of drought. On the South Fork Ninnescah River near 
Murdock, where opportunities for sustained flow per 
square mile are better than elsewhere in Kansas, stor­ 
age of 100 acre-feet per square mile of drainage area 
would provide sustained gross outflow of 0.20 cfs per 
sq mi with only 2 percent chance that the storage would 
be insufficient. However, on Cow Creek near Lyons, 
only 50 miles away, the comparable outflow would be 
only 0.032 cfs per sq mi.

Ground water in storage in Wallace County

W. G. Hodson reports about 4 million acre-feet of 
ground water in storage in the Ogallala Formation in 
Wallace County, mostly in the southern part. The 
Ogallala is as much as 400 feet thick, and as much as 
280 feet is saturated. Aquifer tests of the Ogallala in­ 
dicate transmissibilities of about 150,000 gpd per ft, 
and permeabilities of about 1,000 gpd per sq ft. East­ 
ward movement of water was calculated to be about 0.9 
foot per day, or about 1 mile in 16 years.

There were 86 irrigation wells in Wallace County in 
September 1958 and 96 irrigation wells in September 
1960, an increase of about 12 percent in 2 years. Yields 
of most irrigation wells range from about 400 gpm to 
more than 2,000 gpm. About 20,000 acres of land were 
covered by ground-water rights, or applications for 
rights, as of July 1961. The authorized quantity of 
ground water appropriated was about 38,000 acre-feet.

ARIZONA

Supplemental water for Fort Huachuca

Wells supplying the Ft. Huachuca Military Reserva­ 
tion are pumping from a thin but productive aquifer, 
according to S. G. Brown (1-62) and F. Anderson. 
Pumping levels of wells in the aquifer are declining, but 
not rapidly as yet. An average of 2.4 mgd could be 
obtained from streams and springs in the Huachuca 
Mountains, and proper development of the springs 
would make even more water available. These sources, 
now largely wasted, could supply the reservation for 
4 to 6 months each year, and any excess could then be 
used to recharge the aquifer.

Little precipitation discharged from springs along Mogol- 
lon Rim

Reconnaissance of headwater springs in the Gila 
River drainage basin by J. H. Feth and J. D. Hem 
(3-63) indicates that only about 2 percent of the pre­ 
cipitation on the Mogollon Rim region appears as 
spring flow the rest is discharged by evaporation and 
transpiration, by flash seasonal flow in largely ephem­ 
eral streams, or by subsurface movement out of the re­ 
gion. The springs examined yield water of good chem­ 
ical quality except for a few that discharge thermal 
saline water in amounts sufficient to deteriorate the 
quality of water in both the Salt and Gila Rivers. Di­ 
version of the relatively small volumes of more highly 
mineralized water, if feasible, would greatly improve 
the quality of water in the rivers without materially 
diminishing the quantities available for use.

Rapid ground-water depletion in Willcox basin

The ground-water reservoir beneath the Willcox basin 
is being rapidly depleted, according to S. G. Brown, P. 
W. Johnson, L. R. Kister, and H. H. Schumann. In 
one heavily pumped area the water level has declined 
more than 120 feet since 1952. In 1962,190,000 acre-feet 
of water was pumped to irrigate 71,000 acres; but esti­ 
mated annual recharge is not more than 30,000 acre 
feet. Accordingly, increasing development will acceler­ 
ate the already rapid decline in water level.

Analyses of more than 200 water samples from this 
area indicate that the concentration of fluoride averages 
more than 1.5 ppm and locally is as much as 27 ppm. 
The waters high in fluoride content are associated with 
Precambrian schist or Tertiary rhyolite or sediments 
derived from these rocks.

Water levels decline sharply in lower Santa Cruz basin

According to W. E. Hardt, R. E. Cattany, and L. R. 
Kister, ground water in the lower Santa Cruz basin of 
northwestern Final County is being withdrawn from the
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alluvial aquifer at a much greater rate than the rate of 
recharge. Surface and ground-water inflow to the study 
area is estimated at less than 300,000 acre-feet per year, 
and the pumping rate at more than 1 million acre-feet 
per year. Average yearly water-level decline for the 
last 10-20 years has been about 3 feet in the Gila Kiver 
area, 5 feet in the Casa Grande-Florence area, 6 feet 
in the Eloy area, and 10 feet in the Stanfield-Maricopa 
area.

Subsurface geologic interpretation of logs of about 
2,000 wells permitted contouring the lower limit of per­ 
meable zones reached in drilling, and in delineating 
three permeable zones and an intervening silt and clay 
unit. Total recoverable water from storage above this 
lower limit, which is at a depth of about 800 feet, is esti­ 
mated at about 44 million acre-feet.

NEW MEXICO

Estimated future water requirements of Albuquerque 
area

From basic assumptions of water requirements and 
aquifer characteristics, H. O. Keeder, L. J. Bjorklund, 
and G. A. Dinwiddie have computed that the greatest 
expected lowering of water level in the Albuquerque 
area from 1960 to 2000 will be 86 feet, about 6 miles east 
of the downtown area. The water level at this point de­ 
clined almost 11 feet from 1920 to 1960. In a small 
area about 9 miles northwest of downtown Albuquerque, 
water levels declined little, if any, before 1960 but are 
expected to decline 34 feet from 1960 to 2000. Else­ 
where, the lowering is expected to be less than these 
amounts, particularly near the Rio Grande.

The water table in Albuquerque, 5 to 8 miles east of 
the Rio Grande, will eventually be lower than the river, 
causing water to move eastward from the river.

From 1920 to 1960 about 80 percent of the water 
pumped was derived from the Rio Grande, either 
through decrease in discharge of ground water to the 
river or increase in underflow from the river, and from 
1960 to 2000,71 to 76 percent of the water will be derived 
from the river. From 1950 to 1960 an average of 46,000 
acre-feet per year was pumped, of which 37,200 acre- 
feet was derived from the river; from 1990 to 2000 these 
amounts are expected to increase to 226,000 and 165,000 
acre-feet, respectively.

OKLAHOMA

Thickness of fresh-water zone

Maps by D. L. Hart, Jr., show that in Oklahoma, 
fresh water extends to depths that range from 0 to more 
than 3,000 feet. The transition from fresh to saline 
water is sharp in many areas but is gradational in 
others. Fresh water circulates to greatest depths in

limestone aquifers in the south-central and north­ 
eastern parts of the State. The base of the fresh-water 
zone is shallowest in western Oklahoma where the bed­ 
rock is Permian siltstone and shale.

Ground-water supplies along Washita River

Alluvial deposits along the Washita River between 
Clinton and Anadarko are primarly fine-grained sand 
and clay averaging about 60 feet in thickness, according 
to D. L. Hart, Jr. Test drilling and pumping indicate 
that yields of 60 to 150 gpm could be developed in about 
half the valley and more than 150 gpm in about 10 per­ 
cent of the valley. Wells of higher yield are restricted 
to a longitudinal section where the alluvial deposits are 
from 90 to 120 feet thick and coarser than elsewhere.

Base flows in Beaver Creek basin

L. L. Laine (1-63) found small sustained base flows 
in the upper and lower parts of Beaver Creek basin, in 
southwestern Oklahoma, but no flows in the central part 
of the basin for at least 10 percent of the time, because 
of the channel losses.

Permian aquifers in southwest Oklahoma fully developed

C. E. Steele and J. E. Barclay concluded that the 
ground-water supply of the cavernous aquifer in the 
Permian Blaine Gypsum and Dog Creek Shale in the 
southwestern corner of Oklahoma is fully developed. 
The aquifer supplies water to irrigate about 35,000 
acres, and in normal years, pumpage for irrigation is 
about 50,000 acre-feet. Pumpage plus natural dis­ 
charge is approximately equal to the average recharge.

Low flows of good quality in Little River basin

R. P. Orth reports that during low-flow periods, sur­ 
face waters in the Little River basin in southeastern 
Oklahoma are soft and low in dissolved-solids con­ 
tent, the specific conductance being generally less than 
70 micromhos per centimeter at 25°C. The content of 
dissolved solids in streams leaving areas underlain by 
Pennsylvanian and Mississippian rocks increases nearly 
twofold after the streams enter areas underlain by the 
Cretaceous Paluxy Sand and by Devonian, Ordovician, 
and Cambrian rocks.

Main aquifers in Woodward County

P. R. Wood indicates that in Woodward County, 
ground water sufficient for municipal, industrial, or irri­ 
gation supplies occurs chiefly in alluvial deposits along 
the North Canadian River valley and in the Tertiary 
Ogallala Formation in the southwestern part of the 
county. Dunes common to both areas facilitate replen­ 
ishment to these aquifers. Permian redbeds that crop 
out in the northeastern part of the county and form 
the bedrock beneath the Tertiary and Quaternary de-
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posits are poor aquifers and in most places yield insuffi­ 
cient water for irrigation.

TEXAS

Surface water of Hubbard Creek basin affected by brine

C. H. Hembree and J. F. Blakey found that streams 
of the Hubbard Creek basin contain water of good 
quality having generally less than 50 ppm of chloride 
except where contaminated by oil-field brine. Many 
producing oil wells and improperly plugged dry holes 
release brine containing 24,000 ppm or more of chloride, 
much of which reaches Salt Prong Hubbard Creek from 
a small area near Albany.

Gains in base flow in upper part of Colorado River 
drainage

P. H. Holland, L. S. Hughes, and H. B. Mendieta 
found that the base flows of the Llano and Pedernales 
Rivers in the Colorado River basin increased throughout 
the reaches studied. On the Llano River, in a distance 
of 83 miles below Junction, Tex., it was found that the 
gains in base flow directly to the river channel were 
slightly in excess of all losses; therefore, all the large 
initial base flow originating above Junction (129 
cfs) and inflow from tributaries (53 cfs) reached the 
lower end of the river at Llano. Dissolved solids in the 
Llano River range from 259 to 225 ppm, the lower con­ 
centrations apparently resulting from precipitation of 
calcium carbonate in the stream channel. In the 
Pedernales River basin, water containing as much as 
700 ppm of dissolved solids is contributed by streams 
draining outcrops of the Hensell Sand Member of the 
Travis Peak Formation. Dilution by water of lower 
concentration from tributaries draining areas under­ 
lain by the Ellenburger Group resulted in a concentra­ 
tion of only 288 ppm dissolved solids in the Pedernales 
River at the head of Lake Travis.

Quality of the Sabine River

L. S. Hughes and D. K. Leif este found that the water 
of the Sabine River and most of its principal tributaries 
in Texas and Louisiana is of excellent quality for po­ 
tential use by municipalities and industries. Of 33 
tributaries sampled, only one, Lake Fork Creek, oc­ 
casionally had dissolved-solids concentrations exceeding 
500 ppm. Other streams usually contained less than 
200 ppm dissolved solids, and concentrations as low as 
40 ppm frequently were observed in flood flows. The 
Sabine River near Ruliff contained less than 200 ppm 
more than 90 percent of the time.

Ground-water storage in Refugio County

C. C. Mason (1-63) estimated that on the order of 10 
to 20 million acre-feet of ground water containing less

than 300 ppm chloride and 1,000 ppm dissolved solids is 
in storage in Refugio County, principally in the north­ 
western third of the county. The maximum potential 
rate of withdrawal of ground water containing less 
than 300 ppm chloride is about 42,000 acre-feet a year. 
It seems probable, therefore, that the predicted future 
needs of more than 11,000 acre-feet a year for industry 
and public supply can be obtained safely from wells.

Saline ground water complicates water supply in Beau­ 
mont area

The transmissibility of the water-bearing sand beds in 
Orange County ranges from 100,000 to more than 400,- 
000 gpd per ft., according to J. B. Wesselman. How­ 
ever, in the southern and southwestern parts of the 
county, the sand beds contain salty water. Locally a 
clay bed underlying the lowermost fresh-water sand is 
absent and heavy pumping may cause salty water to 
move upward into the fresh-water zone.

PACIflC COAST AREA

There is an extreme diversity of hydrologic and 
climatic conditions in the Pacific coast area, which in 
this discussion includes the States of Alaska, Wash­ 
ington, Oregon, Idaho, Nevada, California, and Hawaii. 
The physiographic and geologic environment is particu­ 
larly complex, and thus the contrasts in the natural en­ 
vironment and in hydrologic phenomena are pro­ 
nounced. The extremes range from the barren deserts 
of southern California and Nevada to the lush Olympic 
Peninsula of Washington to the Arctic wastes of north­ 
ern Alaska. Superimposed on this diverse pattern is 
the increasing complexity of the cultural setting. With 
the booming population and industrial expansion of the 
West, competition for water supplies grows keener by 
the year.

Virtually every conceivable water problem confronts 
the developers and users of water in this region. The 
major problems include inadequacy of natural supply, 
maldistribution and variability of the resource, inferior 
quality (chemical and physical) of natural water, pol­ 
lution, water loss, floods, and droughts. Thus, effective 
utilization through appropriate conservation and 
management is a prime consideration with many legal 
implications.

Investigations of the U.S. Geological Survey in the 
Pacific Coast area are directed toward studies that will 
aid in the resolution of these water problems. Studies 
of water occurrence and availability in time and in 
place provide the basis for developing and managing 
the natural supply. Particularly pertinent are investi­ 
gations of underground and surface supplies where 
maldistribution of the supply exists and where a quan-
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titative judgement is necessary for meeting water de­ 
mands. The total supply is being evaluated to provide 
a basis for determining the economic feasibility of 
exporting water from areas of surplus to areas of defi­ 
ciency. Seasonal runoff in streams and recharge to 
aquifers are extremely varied and are being investi­ 
gated throughout the area. Study of sustained yield 
of wells, together with the evaluation of movement and 
availability of ground-water in underground reservoirs, 
is another continuing segment of the program.

ALASKA

The problems of water as an economic resource in 
Alaska relate largely to development and maintenance 
of water supplies in the rigorous northern climate. 
Surface-water supplies, which are abundant in most 
of Alaska, offer special problems owing to winter freez­ 
ing, and ground water in many areas has advantages as 
an alternate or supplemental supply. In arctic Alaska, 
where the ground is frozen to great depths, obtaining 
any winter water supply at reasonable cost becomes a 
major problem. Some aspects of this are discussed 
under Permafrost (p. A173). Other water problems of 
particular importance in Alaska are floods and hydro­ 
electric power development.

The Geological Survey conducts investigations of the 
occurrence, availability, and quality of surface and 
underground waters, and determines sediment discharge 
on selected streams in Alaska. The program includes 
a hydrologic network covering portions of the State. 
Flood-frequency studies, determination of hydrologic 
and hydraulic characteristics of streams at selected sites, 
and evaluation of waterpower potential are in progress.

Ground-water use increases at Anchorage

Studies by D. J. Cederstrom, F. W. Trainer, and R. 
M. Waller (1-62) in the Anchorage area show that 
large quantities of good water are available from inter­ 
connected artesian aquifers in at least three complex 
units of glacial drift. Under nonpumping conditions 
about 5 mgd flows seaward through each mile-wide 
section of the drift. Well yields up to 2,600 gpm were 
reported.

R. M. Waller found that average ground-water use 
in the Anchorage area increased to over 5 mgd in 1961 
to supplement the 7.9 mgd average use of surface water. 
However, no significant change in ground-water storage 
was noted. Ground-water use decreased slightly in 
1962. Sea-water encroachment has not been noted in 
periodic samples of coastal wells, but the presence of a 
saline-water aquifer beneath.the fresh-water aquifer 
was discovered in 1962 on Fire Island, just off the 
Anchorage mainland.

PACIFIC NORTHWEST

Diversified hydrologic investigations are in progress 
in the Pacific Northwest in Washington, Oregon, and 
Idaho, including most of the drainage basin of the 
Columbia River and its major tributaries, the Snake 
and Willamette. Some of the most pressing problems 
involve obtaining sufficient water to supply cities and 
industries; availability of water for irrigation in the 
dry areas east of the Cascade Range; interrelations of 
ground and surface waters, especially in the volcanic 
rocks of the Columbia Plateau; and the most effective 
development of the Columbia River. The programs 
include studies of the occurrence, availability, and 
quality of surface and underground waters and the 
sediment discharge of streams. An extensive hydro- 
logic network throughout the Pacific Northwest pro­ 
vides continuing basic data. Significant findings of 
studies in progress or completed during the year in 
this region are summarized below. Studies are in prog­ 
ress also in each State to determine the flood frequency 
and related hydrologic and hydraulic characteristics 
of streams at selected sites.

Ample water for future growth in Pacific Northwest

A study now nearing completion, under the direction 
of G. L. Bodhaine, seeks to describe and analyze historic 
and present characteristics of the water resources of the 
Pacific Northwest and to forecast the future role of 
water in determining the economic destiny of the re­ 
gion. Water-supply conditions and water demands 
will be forecast by regional subareas in 5-year incre­ 
ments to 1985, with trends projected to 2010. A pre­ 
liminary appraisal of the water-supply situation 
indicates that the Pacific Northwest, as a whole, has 
enough water to support the projected growth and 
economy. The key to its effective utilization will be 
the wise management of the facilities for storage, dis­ 
tribution, and use of the resource.

Subsurface water losses from Cedar River to Snoqualmie 
River

Preliminary investigations by F. T. Hidaka show a 
loss of water from the Cedar River basin in western 
Washington, southeast of Seattle, averaging about 60 
to 70 cfs as a result of the construction of Chester 
Morse Lake dam. The raising of the water levels be­ 
hind this dam and another masonry dam on the river 
a short distance downstream has induced underground 
seepage from Chester Morse Lake to the adjacent South 
Fork Snoqualmie River basin.

Effect of logging on streamfiow in western Washington

Logging in as much as 6 percent of the drainage area 
per year of Snow Creek basin in western Washington
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has had no apparent effect on runoff. Donald Richard­ 
son notes that runoff comparisons with adjacent un- 
logged basins in the Upper Green River basin for the 
period 1946-61 show no significant effect of logging on 
the rate or volume of runoff.

Expansion of ground-water supplies at Tacoma

In a study of the ground-water resources in the vicin­ 
ity of Tacoma, K. L. Walters (1-63) found the munici­ 
pal well field to be in an area underlain by glacial 
aquifers whose permeability may be the greatest of any 
in the Puget Sound lowland. The well field is located 
in a channel formed by a stream that discharged from 
a glacial lake and laid down coarse clean gravel. Pump­ 
ing from the field started in 1903, but has had intensive 
development since 1929. Currently 13 public-supply 
wells produce from 51 to 64 mgd. While the field is 
used intermittently to supplement surface supplies, it 
serves as a reliable emergency supply for Tacoma, and 
production could be increased substantially without 
serious depletion.

Ground-water levels continue to rise in parts of Colum­ 
bia Basin Irrigation Project

Studies by M. J. Grolier and J. W. Bingham (see 
also p. A95) show that water levels in many places 
in the Columbia Basin Irrigation Project rose more 
than 100 feet between 1952 and 1958 as a result of irri­ 
gation. The changes exceeded 250 feet in a 6-square- 
mile area west of Quincy, Wash.; the greatest rise ob­ 
served was 286 feet. Between 1940 and 1952 the water 
levels in this same area declined more than 50 feet due 
to excessive ground-water pumping for irrigation prior 
to completion of the Columbia Basin Irrigation Proj­ 
ect canals.

The largest area in which the rises exceeded 100 feet 
extends over 100 square miles in the Winchester- 
Quincy-George area. Other large areas with similar 
rises by 1958 are the Moses Lake-Wheeler-Lind Coulee 
area, and the north side of the Saddle Mountains from 
Taunton Terrace eastward to parts of the Othello Chan­ 
nels. Although the Saddle Mountains, the surface ex­ 
pression of an anticline in basalt, are a topographic 
divide, they are not a barrier to ground-water movement 
near their east end, south of Othello. A well south of 
the anticline and 2% miles from irrigated canals and 
wasteways on the north side has shown a continuous rise 
of more than 40 feet in water level in 5 years; by 1961 
the water levels had risen about 100 feet.

Quality of ground water affected by irrigation in Colum­ 
bia Basin Irrigation Project

! The chemical quality of ground water in the Colum- 
j bia Basin Irrigation Project area of east-central Wash­ 
ington shows significant vertical and areal variation.

according to A. S. Van Denburgh. Water from deep 
(500-1,000 feet) basalt aquifers that are not affected 
by percolating irrigation water is distinctive in chemical 
character. Silica, sodium, and bicarbonate are the 
principal constituents, and concentrations of potassium 
and fluoride (as much as 25 and 2.5 ppm respectively) 
commonly are greater than in most ground water of the 
Pacific Northwest. Shallow to moderately deep (100- 
500 feet) basalt aquifers in irrigated areas contain 
ground water of a different chemical type; the principal 
constituents are calcium, magnesium, bicarbonate, sul- 
fate, and chloride. Nitrate also is an important con­ 
stituent of this ground water in several areas, and con­ 
centrations greater than 50 ppm are not unusual.

Precision of estimates of storage behind Grand Coulee 
Dam

E. G. Nassar has determined that instantaneous 
water-level changes of Franklin D. Roosevelt Lake, 
impounded by Grand Coulee Dam, have varied as much 
as 0.66, 0.26, and 0.36 feet, respectively, at low, medium, 
and high discharges. These variations occurred in the 
upper 5 feet of reservoir stage in the 1952-58 period as 
a result of severe windstorms and changes in atmos­ 
pheric pressure. Estimates of storage content based on 
stages at Grand Coulee Dam could be in error as much 
as 14,200, 7,600 and 6,300 acre-feet, respectively, the 
largest representing about 0.3 percent of the live-stor­ 
age contents.

Potential effect on ground water of raising American 
Falls Dam

M. J. Mundorff reports that the capacity of the 
American Falls Reservoir in southeastern Idaho could 
be increased from 1.7 million to 3 million acre-feet by 
raising the dam 20 feet. Computations based on the 
transmissibility of the aquifer, increased gradient of the 
ground water, and probable width of the aquifer in­ 
volved indicate that ground-water outflow would in­ 
crease about 10 to 15 cubic feet per second and that the 
average seepage loss after reservoir enlargement would 
be on the order of 70 cf s.

Sources of inflow to Spokane River

In an investigation of large ground-water discharges 
to the Spokane River in the reach from near the Idaho- 
Washington State line to some distance below Spokane, 
C. A. Thomas (1-63) reports that the total inflow to 
the aquifers above Spokane averaged about 1,200 cfs 
during 1959 and 1,100 cfs during 1951-59. The total 
ground-water inflow to Spokane River averaged 1,450 
cfs during 1959 and also during 1951-59. By far the 
largest part of the effluent seepage is generated in the 
Spokane River watershed itself. This contradicts as­ 
sumptions of earlier investigators who concluded that
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the largest single source of the ground-water inflow is 
seepage from Pend Oreille Lake.

Ground-water discharge in the Ahtanum Valley

Ground-water inflow increases surface flow appreci­ 
ably in the Ahtanum Valley, Yakima River basin, 
Washington. B. L. Fox worthy 33 estimates that seep­ 
age discharge to the Yakima River from this valley 
may range from about 20,000 to 25,000 acre-feet per 
year. The consumptive waste of ground water by phre- 
atophytes probably exceeds 4,000 acre-feet per year.

Surface-water quality in Lower Columbia River Basin

On the basis of a reconnaissance study of streams 
in the Lower Columbia River basin, J. F. Santos re­ 
ports that most are calcium magnesium bicarbonate 
waters. Headwater reaches of streams in the Cascade 
and Coast Ranges contribute waters containing less 
than 100 ppm dissolved solids. Streams draining arid 
areas or traversing irrigated tracts are considerably 
higher in mineral content. A salt-balance problem was 
noted in the Hermiston-Stanfield area in Oregon. Pol­ 
lution by sewage has reached undesirable levels in the 
Walla Walla River, the Willamette River from Eugene 
to Portland, and the Columbia River from Portland to 
Puget Island.

Mean monthly temperatures for Oregon streams

A. M. Moore finds that spot observations of water 
temperature at streaniflow measurement stations, col­ 
lected since 1946, can be combined to give reliable esti­ 
mates of the mean-monthly water temperature of Ore­ 
gon streams; estimates of monthly range in temperature 
are less reliable. The mean monthly temperatures can 
be refined further by correlation with continuous rec­ 
ords of water temperature obtained at other stations. 
These correlations are generally excellent, with stand­ 
ard errors of 1° or 2°F.

Deterioration of ground-water quality in Snake Rivei 
Plain

Quality of ground water has deteriorated signifi­ 
cantly in the last 50 years in the southern part of the 
basalt aquifer of the Snake River Plain, Idaho, as a 
result of drainage from irrigated lands. E. H. Walker 
reports that in a 2,000-square-mile area a quarter of 
the total area of the aquifer the dissolved-solids con­ 
tent is at least 50 ppm (parts per million) higher than 
the original concentration of about 200 ppm, 'and in 
some places the ground water now contains from 400 
to 600 ppm of dissolved solids. Further change in the 
water quality can be expected with the increase in the 
amount of ground water pumped for irrigation.

& Foxworthy, B. L., 1962, Geology and ground-water resources of 
Ahtanum Valley, Yakima County, Washington: U.S. Geol. Survey Water- 
Supply Paper 1598, 100 p.

Ground-water use in Willamette Valley

Use of ground water for irrigation in the highly 
productive French Prairie area of the northern Wil­ 
lamette V'alley, Oreg., has increased nearly 10-fold in 
the last 20 years, according to Don Price, who concludes 
that sufficient water of good chemical quality can be 
developed to irrigate all arable land in the area as 
well as to supply other demands for ground water. 
Optimum development of the ground water will re­ 
quire (a) proper construction of wells to yield sand- 
free water in areas underlain by poorly sorted alluvium 
and fine-grained lacustrine deposits, 'and (b) proper 
spacing of wells to minimize local overdraft and well 
interference.

On the east side of the northern Willamette Valley, 
in the Molalla-Salem Slope area, the use of ground 
water for irrigation and for municipal and rural water 
supplies is increasing rapidly. Many wells drilled 
show unexpectedly low yield or undesirable chemical 
quality. E. R. Hampton has found that varied, semi- 
isolated bodies of basalt of Miocene age distributed dis- 
continuously on the east side of the valley constitute 
some of the most productive aquifers. Marine sand­ 
stone and volcanic rocks of early Tertiary age generally 
yield saline water to wells tapping them at considerable 
depth; marine sandstone at shallower depth, where it 
has been flushed of saline water, may yield as much as 
100 gpm of good-quality water to wells. Ground-water 
development based on recognition of the geologic con­ 
trols and adequate well construction probably would 
provide enough water for irrigation of most of the ir­ 
rigable land in the lower part of the area.

Ground-water potential in East Portland area

The amount of ground water used each year in the 
eastern part of Portland, Oreg., and adjacent suburban 
and rural districts is much less than the available sup­ 
plies. G. M. Hogenson (1-62) found that the principal 
aquifers are gravel and sand beds in alluvial stream 
deposits that underlie the flood plains of the Columbia 
and Willamette Rivers. The amount of ground water 
used in the area in 1960 was nearly 50,000 acre-feet, 
only a small part of the amount that is replenished 
naturally each year. Present trends of development 
and population growth in the area indicate that future 
withdrawals for all purposes will be substantially 
greater.

Basalts of Snake River Plain yield more water than Co­ 
lumbia River Basalt

E. H. Walker reports that the Pleistocene basalt of 
the Snake River Plain of southern Idaho yields far 
more water to wells than the Miocene Columbia River 
Basalt of Washington, Oregon, and western Idaho. On
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the average, the basalts of the Snake River Plain yield 
a little more than 1,000 gpm per foot of drawdown to 
wells that penetrate 100 feet below water level, whereas 
the average yield from similar wells tapping the Co­ 
lumbia River Basalt is no more than 5 gpm per foot of 
drawdown. The water-bearing openings in the Mio­ 
cene Columbia River Basalt were originally smaller 
and fewer than those in the basalts of the Snake River 
Group, and the differences have been accentuated by 
weathering and deformation which have affected the 
Columbia River Basalt considerably and the younger 
basalts of the Snake River Plain very little.

Little ground water for irrigation in western Saylor Creek 
area, Idaho

E. G. Crosthwaite (2-62) found that in much of the 
Saylor Creek area, Idaho, depths to water are too great 
and yields of some aquifers are too small to warrant 
development of ground water for irrigation. In the 
eastern part of the area, however, nine wells obtained 
sufficient water for irrigation from aquifers at moder­ 
ate depth in the Idavada Volcanics of Pliocene age.

High artesian head in Weiser River basin

Results of studies by E. H. Walker and H. G. Sisco 
(2-63) show that the Columbia River Basalt is the most 
productive water-bearing unit in the lowlands of the 
Weiser River basin in southwestern Idaho. Recent 
drilling has revealed artesian pressures that locally raise 
water 150 feet above land surface, the highest pressures 
yet known in Idaho.

Ground water in glacial outwash in northern Idaho

In the valleys of the Sandpoint region of northern 
Idaho, ground-water supplies adequate for irrigation 
and for towns and industries are found only in areas un­ 
derlain by glacial outwash gravels rather than by lake- 
bed sediments, according to E. H. Walker (1-63). 
Thick water-bearing sand and gravel deposits were 
found only in the Hoodoo Valley and the valley south 
of Cocolalla Lake. The other lowlands are underlain 
mainly by lake beds, in which beds of sand and gravel 
are few and thin.

Irrigation would change hydrologic regime of Dry Lake 
area

Proposed irrigation of the Dry Lake area southwest 
of Boise, Idaho, would cause many changes in the 
ground water regimen, according to P. R. Stevens. 
Yearly recharge of ground water under project opera­ 
tion is conservatively estimated at about 40,000 acre- 
feet. This recharge would raise the water table and 
lower the pumping lifts, but the ground-water divide 
would shift to the south or southwest, and existing 
drainage problems south of Melba and west of the Dry 
Lake area would be further complicated. Drainage

problems due to high water table are unlikely in the 
Dry Lake area.

Ground water in the Camas Prairie

Computations by W. C. Walton (1-62) suggest that 
12,000 acre-feet of ground water might be withdrawn 
annually from the Camas Prairie, Camas and Elmore 
Counties, Idaho. The principal aquifers are sand and 
gravel, and basalt. Water in the shallow deposits is 
not confined, whereas water in the deeper deposits oc­ 
curs chiefly in two artesian aquifers.

NEVADA

In Nevada the principal water problems are avail­ 
ability of surface and ground water for irrigation, 
municipal, and industrial supplies. Floods'also are a 
serious problem because of the flash flows of streams in 
arid climates. A continuing appraisal of flood char­ 
acteristics of Nevada streams aids in highway planning 
and bridge design. Particular attention is being di­ 
rected to a reconnaissance evaluation of ground-water 
potential in the desert valleys in the State.

Estimates of ground-water yield in undeveloped desert 
basins

Statewide ground-water reconnaissance studies in 
Nevada by T. E. Eakin, W. C. Sinclair, G. T. Malmberg, 
and G. E. Walker provided preliminary estimates of 
perennial yield for 10 ground-water basins. According 
to Nevada ground-water law, if depletion of a ground- 
water basin is imminent, the State Engineer is em­ 
powered to establish necessary regulatory measures for 
control of the ground-water basin for sound conserva­ 
tion and the best interests of the public welfare. Initial 
development of ground-water basins in recent years 
commonly has occurred so rapidly that depletion has 
occurred before detailed studies could be completed. 
The preliminary estimates of perennial yield, which 
provide a management guide, are evaluated from esti­ 
mates of natural recharge to and discharge from par­ 
ticular ground-water basins.

Preliminary estimates of perennial yield for nine of 
the ground-water basins studied are: 5,000 acre-feet in 
Gabbs Valley, Washoe County; 34 3,500 acre-feet in 
Sarcobatus Flat, Nye and Esmeralda Counties, and 
2,000 acre-feet in Oasis Valley, Nye County (Malmberg 
and Eakin, 3-62); 4,000 acre-feet in Hualapai Flat, 
Pershing and Humboldt Counties (Sinclair, 1-62); 
2,500 acre-feet in Ralston Valley and 2,000 acre-feet in 
Stonecabin Valley, Nye County (Eakin, 2-62); 24,000 
acre-feet in Amargosa Desert, Nye County, Nev., and 
Inyo County, Calif. (Walker and Eakin, 1-63); 10,000

e* Eakin, T. E., 1963, Ground-water appraisal of Gabbs Valley, Min­ 
eral and Nye Counties, Nevada: Nevada Dept. Conservation and Nat. 
Resources Recon. Rept. 9.
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acre-feet in the Long Valley-Massacre Lake region, 
Washoe County; and 7,500 acre-feet in Duck Lake 
Valley, Washoe County.35

Interbasin movement of ground water

The reconnaissance investigations in some valleys 
indicated that estimated annual recharge and discharge 
for the individual valleys were not in balance. T. E. 
Eakin (1-62) concluded, for example, that most of the 
estimated 14,000 acre-feet of annual ground-water re­ 
charge from precipitation in Cave Valley discharged 
by underflow through Paleozoic carbonate rocks to the 
adjacent White River valley southwest and south of 
Cave Valley. The hydraulic gradient and the small 
amount of ground water discharged by evapotranspira- 
tion from Cave Valley appear to support this thesis. 
Similarly, a considerable amount of the ground water 
discharged from Ralston and Stonecabin Valleys is 
estimated by Eakin (2-62) to move as underflow 
through bedrock to valleys to the south and southwest.

Walker and Eakin (1-63) estimate that the average 
annual discharge of about 24,000 acre-feet of ground 
water in the Amargosa Desert far exceeds the recharge 
from precipitation within the 2,600-square mile surficial 
tributary area. About 17,000 acre-feet of this total dis­ 
charges from springs in Ash Meadows located near out­ 
crops of Paleozoic carbonate rocks. Devils Hole, near 
the springs, is the surface expression of an extensive 
solution system in these Paleozoic carbonate rocks. 
Presumably this ground-water discharge is derived 
from the Spring Mountains, Pahrump Valley, and the 
Nevada Test Site and moves by underflow through 
Paleozoic carbonate rocks.

G. T. Malmberg estimates that the average annual 
natural recharge to Pahrump Valley, Nevada-Cali­ 
fornia, exceeds the average annual natural discharge 
by approximately 13,000 acre-feet. The apparent im­ 
balance is considered due to ground-water underflow 
through predominantly carbonate rocks of Paleozoic 
age that form the bulk of the indurated rocks under­ 
lying the valley fill and that crop out in the bordering 
mountains. Most of the ground-water underflow is 
assumed to be discharged by springs in the Ash Mea­ 
dows area, beyond a topographic divide in the Amar­ 
gosa Desert.

Water resources of Long Valley Massacre Lake area

W. C. Sinclair reports that the water resources of the 
Long Valley-Massacre Lake region, Nevada, are more 
than adequate to support the agricultural development

86 Sinclair, W. C., 1963, Ground-water appraisal of Duck Lake Valley, 
Washoe County, Nevada, with a section on the soils of Duck Lake 
Valley, by Richard L. Malchow: Nevada Dept. Conservation and Nat. 
Resources Recon. Rept. 15. [In press.]

which the climatic factors and soil conditions will per­ 
mit. Although much of the region is underlain by vol­ 
canic rocks, including basalt, the bedrock apparently 
is much less permeable than similar flow rocks in the 
Snake River Plain region to the north. The most im­ 
portant sources of ground water in the area are the 
sand and gravel aquifers buried within the less per­ 
meable deposits of the valley fill.

Evapotranspiration decreases flow of Humboldt River

Philip Cohen and R. L. Hanson report that the annual 
flow of the Humboldt River in a reach near Winne- 
mucca, Nev., has been decreasing despite discharge of 
ground water to the river during most of the year. The 
losses are attributed largely to evapotranspiration dur­ 
ing the spring and early summer. Theoretical mathe­ 
matical solutions based upon the nonequilibrium for­ 
mula indicate that increased ground-water withdrawal 
near the river probably will decrease the flow of the 
river. The reduction in flow, however, may be con­ 
siderably less than the gross pumpage, partly because 
of decreased evapotranspiration losses due to lowering 
of ground-water levels.

CALIFORNIA

Because of the diverse terrain and wide climatic dif­ 
ferences in California, the water problems in the State 
are manifold. The water investigations of the Geo­ 
logical Survey include studies of the occurrence, avail­ 
ability, and quality of the surface and ground water 
and studies of the sediment discharge of streams. 
These investigations are directed mainly toward de­ 
lineation of problems of development and toward de­ 
termination of the causes and solutions of these prob­ 
lems. Basic data are collected on a continuing basis 
through a Statewide hydrologic network. Some sig­ 
nificant findings are summarized below.

Interbasin movement of ground water in Modoc Lava 
Plateau

Results of recent studies by R. H. Dale in the Fall 
River drainage area in the Modoc Lava Plateau in­ 
dicate subsurface flow from the Tule Lake topographic 
basin to the Fall River topographic basin. The Fall 
River basin includes about 600 square miles, but data on 
streamflow, ground-water levels, and precipitation, 
plus regional geologic information, indicate that the 
drainage area tributary to the Fall River is much 
greater than 600 square miles. Subsurface inflow from 
the Tule Lake basin presumably moves through highly 
permeable Recent basalts of the Modoc Lava Pla­ 
teau. Water-level gradients suggest that ground water 
is moving southward from Tule Lake, 50 miles away, to 
discharge at large springs at the head of Fall River.
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The area tributary to the Fall Kiver thus includes most 
of the Tule Lake basin and appears to include about 
3,000 square miles.

Hydrologic inventory of Santa Barbara area

Sustained annual ground-water withdrawals of up 
to 9,200 acre-feet appear practical in the Carpinteria 
and Goleta basins in Santa Barbara County. R. E. 
Evenson, H. D. Wilson, Jr., and K. S. Muir (2-62), 
through reappraisal of the hydrologic inventory for 
the 1941-58 period, found significant changes in 
ground-water storage following increased pumpage. 
Full use of the ground-water reservoir permits capture 
and storage of excess runoff, normally wasted to the 
sea, to supplement the 5,400 acre-feet of annual re­ 
charge from infiltration of rainfall and seepage from 
streams.

Sediment discharge into San Francisco Bay

In a study of the quantity of sediment transported to 
the San Francisco Bay system by tributary streams, 
G. H. Porterfield, N". L. Hawley, and C. A. Dunnam 
found the average daily sediment discharge during 
1957-59 to be about 17,000 tons or 24,000 cubic yards. 
Central Valley streams transported 82 percent of this 
sediment into the Sacramento-San Joaquin delta while 
streams flowing directly into the bay transported 18 
percent. Future sediment discharge to the delta and 
the bay, based on 1959 conditions, is estimated at ap­ 
proximately 8 million cubic yards annually.

HAWAII

Water-resources investigations in Hawaii include 
studies of the quantity and quality of the surface and 
underground waters and are directed toward two main 
problems: (1) obtaining water most efficiently from the 
volcanic terrain of the islands, and (2) avoiding sea- 
water intrusion in coastal areas of greatest develop­ 
ment. Some significant findings shown by studies 
completed or in progress in specific areas are sum­ 
marized below.

Ground-water levels stabilized in Honolulu area

Changes in land use in southern Oahu have resulted 
in an increase in ground-water pumpage and a reduc­ 
tion in the amount of recharge to the basal ground- 
water body by deep infiltration from irrigated fields. 
F. K Visher and J. F. Mink (1-62) found that, between 
February 1959 and November 1960, water levels in the 
area declined nearly 3 feet, and the natural discharge at 
springs in the Pearl Harbor area was reduced by about 
20 mgd. Since 1960, little change in water levels and 
spring flow has taken place, and recharge seems to be 
in approximate balance with discharge.

Ground water in the Waianae district, Oahu

In the Waianae district of Oahu, C. P. Zones (1-63) 
found that test drilling near the shore in 1962 con­ 
firmed previous estimates that relatively little ground 
water discharges into the ocean from the valleys. This 
is indicated by the chloride content of several thousand 
parts per million in most of the test wells drilled at the 
mouth of the valleys, low piezometric gradient, and 
transmissibilities of 20,000 to 60,000 gallons per day per 
foot. The discharge into the ocean is estimated as not 
more than a fourth of the total natural discharge of the 
valleys, the remainder being lost by evapotranspiration. 

. Underflow to the ocean from volcanic ridges that ex­ 
tend to the coast is problematic. Several test holes 
drilled in the veneer of sedimentary rocks overlying the 
seaward end of the ridges and one that penetrated into 
the underlying volcanic rocks yielded water of high 
salinity, which suggests that discharge to the ocean from 
the ridges is small. A reversal of the chloride gradient 
was noted at many of the drilling sites. Water just 
below the water table is brackish but is underlain by 
water of better quality. The more saline water at the 
top appears to occur in pockets, possibly as a result of 
concentration of the dissolved solids by evaporation.

Quality of ground water deteriorating in northern Oahu

Studies by K. J. Takasaki show that the annual 
ground-water pumpage for sugarcane irrigation in the 
Kahuku area in northern Oahu increased from about 
6,000 million gallons in 1938 to 9,000 million gallons in 
1940, to 12,000 million gallons in 1945, and has averaged 
about 11,000 million gallons since 1945. From 1945 to 
1958 the chloride content of the water in the heavily 
pumped wells increased substantially, but since 1958 the 
change has been less marked. Static water levels de­ 
clined 2 feet between 1938 and 1948 and in 1958 were 
3 feet lower than in 1938. In January 1963 the levels 
were about the same as in 1958. The increase in the 
chloride content of the water in the heavily pumped 
irrigation wells probably results from increased pump- 
age. However, a widespread increase in the chloride 
content of the ground water underlying the entire area 
has been noted and is attributed to the return of irriga­ 
tion water to the ground-water body. The chloride 
content of the water used for irrigation in a 6-square- 
mile area ranges from about 400 to 1,600 ppm.

Surplus ground water in the Mokuleia Waialua area, 
Oahu

Test holes in the Mokuleia-Waialua area of Oahu 
show that shallow ground water in the coastal-plain 
sediments has a chloride content ranging from 85 to 
about 9,000 ppm, and that most of the water in the sedi­ 
ments contains less than 500 ppm of chloride. The
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water occurs under both artesian and water-table condi­ 
tions, and heads range from 1 foot to 35 feet above sea 
level. Preliminary studies by J. C. Rosenau, E. R. 
Lubke, and S. S. Chinn suggest that a considerable 
quantity of ground water may discharge to the sea 
through the coastal-plain sediments.

Rainfall measured during 1962 at 18 gages on the 
summit and northern slope of the Waianae Range in­ 
dicates that rainfall in parts of the area may be ap­ 
preciably greater than shown by published estimates.

Depletion of ground water in dike complexes, Koolau 
Range

Through the use of a recession equation George T. 
Hirashima has determined that the water-development 
tunnels in the Koolau Range of Oahu have depleted the 
natural storage in the dike complex by about 30 billion 
gallons. If this water were restored, the initial dis­ 
charge from the Koolau tunnels would be approximately 
110 mgd. The present discharge from these tunnels 
is about 40 mgd. The records show a significantly dif­ 
ferent rate of depletion for tunnels north and south of 
Waiahok, owing to differences in the number and thick­ 
ness of the dikes in the two areas.

Depletion of ground-water storage by Molokai irrigation 
tunnel

Construction of the Molokai irrigation tunnel on the 
island of Molokai, for eventual conveyance of surface 
waters from the Waikolu Valley to the Hoolehau basin, 
was accompanied by depletion of approximately 1,500 
acre-feet (500 million gallons) of ground water from 
compartments between the intrusive dikes penetrated. 
G. T. Hirashima (1-63) found that this depletion oc­ 
curred in a 2,200-foot length of the tunnel, 80 percent of 
it in a 1,700-foot section. During 1962, ground-water 
inflow to the tunnel averaged about 2 mgd and was quite 
uniform.

Dry-weather flow of streams of Hilo-Hamakua coast

Contrary to expectations the total water production 
during drought periods from the normally wet area on 
the slopes of Mauna Kea along the Hilo-Hamakua 
coast, Hawaii, appears to be surprisingly small, accord­ 
ing to Dan A. Da vis and George Yamanaga (1-63). 
Dry-weather flow is limited also in the streams on 
Kohala Mountain. Storage, either surface or under­ 
ground, will be required to meet water needs of the 
North Hawaii area.

MANAGEMENT OF NATURAL RESOURCES ON 
THE PUBLIC LAND

An expanding economy for the future is dependent 
upon wise management of the resources of the Nation.

The public lands contain a significant portion of these 
resources, and responsibility for management of the 
land and use of the resources is exercised by several 
agencies of the U.S. Government. The U.S. Geological 
survey, through its Conservation Division, classifies 
these lands for such resources as leasable minerals and 
sites for waterpower projects, and supervises the pros­ 
pecting, development, and recovery of certain minerals 
from wells and mines under lease, permit, or license on 
Federal and Indian lands.

The classification functions of the Conservation Divi­ 
sion are performed by the Branch of Mineral Classifica­ 
tion and the Branch of Waterpower Classification. 
The supervisory functions are performed by the Branch 
of Mining Operations and the Branch of Oil and Gas 
Operations. The Conservation Division also super­ 
vises the administration of the Connolly Act of Feb­ 
ruary 22,1935.

Field offices of the Division are listed on page A252. 
Geologic and hydrologic work in progress by geologists 
and engineers of the Conservation Division is given in 
the list of investigations starting on page A259, under 
the categories of geologic mapping, glaciology, water- 
power classification, and various commodities such as 
coal and petroleum and natural gas. Scientific and 
economic results of these investigations are published as 
books and maps in the regular series of Geological Sur­ 
vey publications.

CLASSIFICATION OF MINERAL LANDS

The principal leasable minerals are oil, gas, oil shale, 
coal, phosphate, sodium, and potash. Since 1906, public 
lands believed to contain leasable minerals have been 
withdrawn from entry by the Secretary of the Interior, 
on the advice of the Geological Survey, pending their 
classification as mineral or nonmineral lands. At pres­ 
ent about 45 million acres of land are so withdrawn.

To classify the land according to uniform standards, 
the geology is mapped in detail, generally at a scale 
of 1: 24,000. Existing geologic maps of adequate scale 
and quality are used if they are available. Mapping 
for mineral land classification, however, differs in some 
details from general geologic mapping in that more 
measurements of stratigraphic sections per quadrangle 
are required to show thicknesses of coal or other leas­ 
able minerals, and more frequent sampling is necessary 
to determine the quality. Subsurface evaluations utiliz­ 
ing drill-hole cuttings, cores, and electric or radioactiv­ 
ity logs also provide data for classification. Samples 
obtained from surface and subsurface operations are 
submitted for laboratory analyses. When the extent, 
thickness, and grade of the minerals are established, the 
land is classified as to its mineral resources. The geo-
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ogic maps produced are published in the standard map 
series of the Geological Survey.

WATERPOWER CLASSIFICATION

Classification of public lands to conserve and utilize 
[water resources was begun in 1888, to preserve reser- 
|voir sites for irrigation. It has been continued chiefly 
|for hydroelectric development. Present activity in­ 
cludes stream-basin investigations, a review of land clas- 
(sifications and reserves, and the measurement of selected 
glaciers.

The program of stream-basin investigations is a sys­ 
tematic search for basins and subbasins where water 
projects can be developed in the future to serve the 
needs of a growing population. Sites that meet the cri­ 
teria for classification are set aside by the 'Secretary of 
the Interior on the recommendation of the Geological 
Survey, through procedures established by Congress 
and the Department of the Interior. Land set aside by 
these procedures may not be disposed of for lesser pur­ 
poses, and if the land is disposed of, it may be reacquired 
by the Government for purposes of waterpower devel­ 
opment without cost.

A program of review of land classification and re- 
jserves was begun in 1956 to reassess all classifications, 
many of which had been made before 1920 under Con­ 
gressional and departmental urging for immediate pro­ 
tection of sites for waterpower development. Because 
of urgency the classifications were based on inadequate 
mapping and hydrologic data. Under the present pro­ 
gram all reserves are being reevaluated and classified 
by rigorous standards. Lands that do not qualify as 
waterpower sites are removed from the reserves, and 
are open to disposition under public-land laws. Prog­ 
ress through fiscal 1963 on this program indicates that 
as much as 40 percent of lands now reserved for water- 
power may eventually be eliminated from the reserves.

River basins and lakes are mapped mostly at a scale 
of 1:24,000. Contours of river and lake bottoms are 

j compiled by precise sounding surveys. The results of 
investigations are published as special maps and sheets.

A special project to gather information on the rates 
of ablation and the recession or advance of selected 
glaciers was started in 1941 on Nisqually Glacier in 
Mount Ranier National Park, Wash., and in 1944 on 
Grinnell and Sperry Glaciers in Glacier National Park, 
Mont. Annual measurements are made 'at monumented 
cross sections, and the glaciers are mapped completely 
at 5-year intervals. The National Park Service co­ 
operates in this program. In 1961, at the request of 
and in cooperation with the Bureau of Reclamation, 
measurements were begun on Barrier Glacier, Mount 
Spurr, Alaska, to determine what effect the growth

or shrinkage of the glacier has on fluctuations in the 
level of Lake Chakachamna.

SUPERVISION OF PROSPECTING, DEVELOPMENT, 
AND RECOVERY OF MINERALS

Supervision of operations under mineral leases en­ 
tails the following: investigating lands and deposits un­ 
der application for mineral leases, oil and gas leases, and 
prospecting permits; recommending lease terms and unit 
areas; enforcing operating regulations and measures to 
assure the safety and welfare of workmen; maintaining 
production records; and determining and collecting 
royalties and rentals. The mineral supervisory 
branches of the Conservation Division also act as ad­ 
visors to the Secretary of the Interior, to other bureaus 
of the Department, and to other Government agencies 
concerned with the administration of the Mineral Leas­ 
ing Acts as amended.

Royalties from public lands are distributed 52^ per­ 
cent to the Reclamation fund, 37i/£ percent to the States 
in which the minerals or fuels are produced (except 
for Alaska, which receives 90 percent), and 10 percent 
to the Federal Treasury. Royalties from other land 
categories are distributed in many different ways as 
provided by law, but the largest share of these royalties 
is returned directly to the Federal Treasury.

Branch of Mining Operations

The Branch of Mining Operations supervises opera­ 
tions concerned with discovery, development, and pro­ 
duction of coal, oil shale, phosphate, potassium, solid 
and semisolid bitumin, and sodium from public land; 
and of sulfur from public land in Louisiana and New 
Mexico. The branch also supervises the production of 
silica sand on certain lands in Nevada; mercury on 
certain Spanish land grants; all minerals except oil and 
gas on restricted, allotted, and tribal Indian lands; and 
all minerals recoverable in commercial quantities, ex­ 
cept oil and gas, on acquired lands.

The following table shows production of minerals 
and royalties received from leased Federal lands under 
supervision of the Branch of Mining Operations for the 
fiscal year ending June 30,1963.

Land category

Public ._.__- __ ._

Indian

Total. _______

Production 
(tons)

20, 622, 000
92, 000

5, 737, 000

26, 451, 000

Value (dollars)

141, 083, 000
867, 000

20, 408, 000

162, 358, 000

Royalty 
(dollars)

5, 842, 000
34, 000

2, 003, 000

7, 879, 000
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Branch of Oil and Gas Operations

The Branch of Oil and Gas Operations supervises the 
discovery, development, and production of crude oil 
and natural gas and associated products from leased 
public, acquired, Indian, outer continental shelf, and 
Naval Petroleum Keserve lands. About 12 percent of 
United States oil production in 1962 came from leases 
on Federal lands.

The following table shows the production of crude 
oil, the value of petroleum products, and the royalties 
received from supervised leases on the various cate­ 
gories of Federal and Indian lands during fiscal 1963.

Land category

Public-.. _______
Outer continental 

shelf---_-_---_-
Acquired__ _ ____
Military and mis­ 

cellaneous. __ __
Naval Petroleum 

Reserve No. 2__ 
Indian. __ _ _ __

Total. _ .-

Production 
(barrels)

173, 040, 000

93, 929. 000
6, 093, 000

2, 814, 000

3, 851, 000 
41, 949, 000

321, 676, 000

Value (dollars)

544, 164, 000

388, 182, 000
22, 261, 000

23, 213, 000

14, 500, 000 
125, 655, 000

1, 117, 975, 000

Royalty (dollars)

67, 788, 000

68, 959, 000
2, 807, 000

4, 872, 000

1, 964, 000 
17, 225, 000

163, 615, 000



GEOLOGY AND HYDROLOGY APPLIED TO ENGINEERING AND PUBLIC HEALTH

Some of the work of the U.S. Geological Survey is 
designed to provide geologic and hydrologic informa­ 
tion that is directly applicable to problems of engi­ 
neering and of public health and safety. Major activ­ 
ities include investigations for the Atomic Energy 
Commission concerning engineering geology and hy­ 
drology of test sites for nuclear explosions, and 
disposal of radioactive wastes; investigations of water 
contamination; studies of the natural distribution of 

i elements as related to public health; and investigations 
[of geology and hydrology related to engineering 
i problems in construction, mining, water management, 
and flood control.

INVESTIGATIONS RELATED TO NUCLEAR 
ENERGY

I Underground testing of nuclear devices and the gen­ 
eration of power by nuclear reactors release radioactive 
products to the geologic and hydrologic environments. 
To safeguard the public, the distribution, movement, and 
iconcentration of these products must be determined and 
the potential danger evaluated. Since 1956 the U.S. 
|Geological Survey has provided geologic and hydrologic 
data on the environment of reactor and underground test 
[sites at the Nevada Test Site, and at sites for program 
PLOWSHARE and other experiments in other parts 
of the United States, and has evaluated these data for 
the Atomic Energy Commission. Some results of the 
Geological Survey's early experiments with conven­ 
tional explosives, precursors of the first underground 
nuclear tests, were published by Cattermole and Hansen 
(1-62).

During 1962, intensive geologic and hydrologic studies 
were carried on because of continued underground test- 
ng of nuclear devices, and because of increased interest 
n the peaceful application of nuclear explosions and 
;he application of nuclear energy to space programs.

NEVADA TEST SITE STUDIES

Geologic, geophysical, and hydrologic investigations 
luring 1962 ranged from reconnaissance of large areas 
o highly specialized study of specific test sites. Major 
>road problems included: (1) the structure and geologic 
evolution of the Timber Mountain caldera; (2) stratig­

raphy and correlation of many previously unrecog­ 
nized sequences of volcanic rocks, particularly rhyolites 
and old welded tuffs in the western part of the Nevada 
Test Site; (3) evaluation of the geology of Pahute Mesa 
in the northwestern part of the Nevada Test Site; (4) 
synthesis of past Geological Survey studies of the Yucca 
Flat area; (5) geology and hydrology of a potential new 
townsite southeast of the Nevada Test Site; (6) min- 
eralogic and petrographic study of the Indian Trail 
tuffs; (7) interpretation of gravity and aeromagnetic 
surveys; and (8) interpretation of the results of deep 
exploratory drill holes.

Major specific site problems included: (1) study and 
analysis of particular test media such as basalts similar 
to those used previously on Buckboard Mesa in the 
western part of the Nevada Test Site for cratering ex­ 
periments, and carbonate rocks, particularly pure lime­ 
stone; (2) pre- and postshot studies of the geologic 
environment of the MARSHMALLOW and HARDHAT events; 
(3) further analysis of the structure of subsidence 
sinks; (4) study of the physical and chemical nature 
of the alluvium in Yucca Flat by surface and subsurface 
mapping and sampling, and by analysis of samples in 
the laboratory; (5) analysis of fracturing in alluvium 
of Yucca Flat; (6) prediction of the character of rocks 
at depth at the PLUTO underground air-storage site; (7) 
additional study of the geologic effects of the LOGAN and 
BLANCA events; and (8) analysis of distribution and 
thickness of alluvium and tuff in Yucca Flat by the use 
of gravimetric surveys and exploratory drilling.

History of the Timber Mountain caldera

Of particular geologic significance in the understand­ 
ing of volcanic structure in the Southwest is a prelimi­ 
nary interpretation by F. M. Byers, W. J. Carr, P. P. 
Orkild, and R. L. Christiansen (1-63) of the structure 
of the Timber Mountain caldera, in the western part of 
the Nevada Test Site. Timber Mountain, in the appar­ 
ent center of the caldera, is a dome of welded tuffs more 
than 2,500 feet thick and older than the tuffs of the 
widespread Indian Trail and Piapi Canyon Forma­ 
tions. The latest major collapse of the caldera post­ 
dates the deposition of the Indian Trail Formation and 
all but the uppermost part of the Piapi Canyon Forma­ 
tion, which was deposited both inside and outside the 
caldera after this major collapse. The distribution of

A53
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the cooling units of the Piapi Canyon Formation indi­ 
cates that the source area for the lower units was in what 
is now the southern 'and eastern moat of the Timber 
Mountain caldera. The upper units may have had a 
source in the northern or northeastern moat area. 
P. W. Lipman and E. L. Christiansen mapped basin- 
and-range-type faults that have an increased displace­ 
ment toward the Timber Mountain caldera and are cut 
by ring faults of the caldera. Lipman suggests that 
these fault relations indicate early doming preceding 
caldera collapse in late Piapi Canyon time.

New volcanic sequences recognized

Detailed geologic mapping in the western part of the 
Nevada Test Site and reconnaissance mapping of the 
surrounding area has delineated several new sequences 
of volcanic rocks that are in part equivalent to, and in 
part older than, the Indian Trail and Piapi Canyon 
Formations of the eastern and central parts of the Test 
Site. Many of the rhyolites that are common through­ 
out the western part of the Nevada Test Site correlate 
with various parts of the Indian Trail Formation. 
These lithologically similar rhyolites are discontinuous 
and are sporadically distributed, but progress has been 
made by K. A. Sargent in correlating them by heavy 
minerals, particularly zircon. Study of the flow band­ 
ing in the rhyolite of Comb Eidge by E. L. Christiansen 
has aided in determining flow direction and understand­ 
ing flow configuration. Similar studies of eddy zones 
caused by inclusions has enabled David Cummings to 
demonstrate flow direction in rhyolites in southern 
Pahute Mesa.

Geology and hydrology of Pahute Mesa studied

Preliminary to an exploration program, the geologic 
and hydrologic environment of Pahute Mesa was 
studied by rapid reconnaissance mapping north of the 
Nevada Test Site, and by projecting the Tertiary vol­ 
canic stratigraphic units over many square miles and to 
considerable depth. Gravimetric surveys by D. L. 
Healey, C. H. Miller, and others indicate as much as 
10,000 feet of volcanic rocks beneath central Pahute 
Mesa the thickest section of volcanic rocks found to 
date at the Test Site.

Structural interpretation of Yucca Flat

A minimum of four extensive thrust plates have been 
tentatively outlined in the surface and subsurface 
Paleozoic rocks of Yucca Flat. Gravimetric surveys 
have aided in these fault interpretations. F. A. Mc- 
Keown has suggested high-angle fault sets represented 
by vectors in different parts of Yucca Flat as one form 
of geologic data that may aid seismologic and hydro- 
logic interpretations. A broad northeast-trending min­ 
eral belt extending from the Hornsilver area, southwest

of Yucca Flat, to Groom Valley, north and east of 
Yucca Flat, is inferred from study of the mineral 
deposits.

Thickness of alluvium and nonwelded tuff

Drilling in Yucca Flat and geologic mapping in the 
bordering mountain ranges, combined with gravimetric 
surveys, have provided data on the distribution and 
thickness of alluvium and nonwelded tuff, which are 
the two desirable test media in the area. The combined 
thickness of the two rock media ranges from 0 to more 
than 5,000 feet. The lenticular mass, however, con­ 
tains a buried north-south ridge in the western part of 
the flat. Areas of welded tuff restrict underground test- 
site development in Yucca Flat. Two intercalated 
welded tuff units of the Piapi Canyon Formation are 
the Eainier Mesa Member, which extends throughout 
most of the valley, and the Topopah Spring Member, 
which is widespread in the southern third. Maximum 
thicknesses of these members under Yucca Flat may be 
as much as 600 feet, and their combined thickness may 
be as much as 1,100 feet in the southern part of the 
valley. Thus it may become necessary to conserve de­ 
sirable test areas in much the same way that we now 
conserve other more commonly considered natural 
resources.

Common source for members of Piapi Canyon Formation

Initial mineralogic and petrographic studies by E. D. 
Krushensky of stratigraphically closely controlled 
samples of tuffs of the Piapi Canyon Formation in the 
northern part of the test site show a marked increase 
in magnesium content of pyroxenes and amphiboles in 
successively younger rocks. The general trend is 
thought to indicate successive tapping of the more basic 
parts of a magma reservoir that was the common source 
for many members of the Piapi Canyon in this part 
of the test site.

Single source proposed for ash-flow tuffs of Timber 
Mountain dome

Detailed petrographic and chemical study by W. D. 
Quinlivan of the 2,500-foot minimum of ash-flow tuffs 
in the Timber Mountain dome indicates that this 
sequence records at least one upward change in composi­ 
tion from early silicic to later more intermediate flows. 
The formation of these flows into a composite sheet sug­ 
gests that the acid and intermediate differentiates were 
extruded without appreciable intervening time. Multi­ 
ple vents from different parts of a single magmatic 
source are suggested.

Magnetic susceptibility used in correlating basalts

Correlation of magnetic susceptibility with grain den­ 
sities of olivine basalts in the Skull Mountain-Jackass
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Flats area of the southwestern part of the Nevada Test 
S ite has been used successfully by K. A. Sargent to dis- 
ti aguish two structurally critical basaltic units that are 
otherwise lithologically similar.

Elastic properties of volcanic rocks

In studies of dacite at the PLUTO air-storage site, 
R. Ege concluded that difficultly determined elastic 

*operties of these rocks could be extrapolated on the 
basis of easily determined properties such as porosity, 

ain density, bulk density, and magnetic susceptibility, 
milar studies of the basalt at Buckboard Mesa led 
E. Davis to conclude that the same approach could

S 
E 
bo used for basalts.

Plants useful in detecting nuclear explosions

Preliminary botanical studies by H. L. Cannon at 
several areas in the Nevada Test Site suggest that 
pants may be used to detect nuclear explosions. 
C langes in plant species, floral assemblages, plant mor- 
p lology, and plant chemistry occur on irradiated 
ground as much as several hundred feet away from the 
BI^ANCA shot in 1958. The year of the shot is clearly 
recorded in the tree ring pattern of affected oak trees.

H ydrothermal alteration used to delineate intrusive body

Hydrothermal alteration in the Calico Hills of north 
Jickass Flats has been studied by E. J. McKay to de­ 
li leate the buried intrusive body underlying the Calico 
I: ills structural dome. This provides control for inter­ 
pretation of an associated aeromagnetic anomaly.

Geophysical studies

Remanent magnetism of specific members of the 
Piapi Canyon formation, and the general thick section 
o: : volcanic rocks of Rainier Mesa are believed to be 
responsible for deep negative magnetic anomalies in 
the Rainier Mesa area and to the northwest around 
Pahute Mesa. The delineation of the buried boundary 
oJ ; the Timber Mountain caldera may be possible by 
analysis of the anomalies, if they can be properly 
neutralized.

A detailed gravimetric survey by D. L. Healey and 
C, H. Miller (Art. 18) has been used to determine a 
possible subsurface configuration of the Gold Meadows 
granitic intrusive beneath Rainier Mesa in the north- 
central part of the Nevada Test Site.

Two nomographs have been developed by J. H. Scott 
(Art. 20) to facilitate the interpretation of large 
amounts of resistivity data obtained at the Test Site. 
These nomographs are general in nature and can readily 
bo applied to resistivity-data interpretation problems 
elsewhere.
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Studies of explosion effects

From study of the effects of the LOGAN, BLANCA, and 
EANIER events, F. A. McKeown has suggested a method 
of determining relative stress-wave attenuation as a 
function of the directions and frequencies of the natural 
fractures toward any given point in tlhe vicinity of the 
shot. The method may be useful in predicting damage 
to tunnels or installations as the result of rock spalled 
by reflected stress waves at free surfaces.

The structure of collapsed sinks in Yucca Flat has 
been subdivided into five zones by F. N. Houser and 
W. P. Williams, an important first step in the study of 
the mechanism of collapse of contained underground 
tests.

Studies by F. N. Houser and W. L. Emerick of results 
of the HARDHAT experiment in the Climax stock sug­ 
gest that fractures produced by the explosion bear a 
shear-and-tension relation to the direction of stress- 
wave propagation and that the natural fractures deflect 
the stress wave. The information was used to modify 
a proposed design for another experiment in the same 
stock.

Interbasin movement of ground water confirmed by 
drilling

Deep test drilling to the Paleozoic carbonate rocks 
confirmed an earlier hypothesis (Winograd, 1-62) that 
the three intermontane basins at the Nevada Test Site 
are hydraulically connected and are tributary to dis­ 
charge areas in the Amargosa Desert to the southwest. 
Ground water moves through highly fractured Paleo­ 
zoic carbonate rocks which flank and underlie the 
basins. A reconnaissance study by Eakin, Schoff, and 
Cohen of a 12,000-square-mile area in south-central 
Nevada suggests further that ground-water basins east, 
northeast, north, and northwest of the Test Site may 
also be tributary to the Amargosa Desert (p. A48).

Data from the test holes showed also that the Paleo­ 
zoic clastic rocks, where they form thick relatively con­ 
tinuous bands, apparently are barriers to interbasin 
movement of ground water, and that the dominant di­ 
rection of ground-water flow may be inferred from the 
outcrop pattern of these strata. Drill-stem tests and 
core examination indicate that the effective porosity of 
the Paleozoic carbonate aquifers and some of the brittle 
clastic rocks is of the fracture type, that fractures or 
fault planes are open to depths of at least 5,000 feet, and 
that great thicknesses of these strata form a single 
hydraulic unit regardless of stratification, presumably 
because of the intense fracturing. Hydraulic gradients 
in the carbonate aquifers are as low as 0.5 foot per mile. 
These gentle gradients necessitated correction of water-
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level measurements for hole deviation, water tempera­ 
ture, and wear of measuring devices to obtain compara­ 
ble heads for use in the preparation of potentiometric 
maps of the area. Special recording gages were re­ 
quired for precise records of water-level fluctuations 
because of the great depths to water.

Study of the chemistry of ground water of the Ceno- 
zoic and Paleozoic aquifers by S. L. Schoff and J. E. 
Moore has demonstrated, independently of hydraulic 
data, that ground water at the Nevada Test Site is mov­ 
ing probably toward the Amargosa Desert. Their 
study shows further that interbasin flow through the 
Cenozoic strata is unlikely.

The maximum velocity of ground-water movement 
within the Paleozoic carbonate aquifers immediately 
south of the Test Site, estimated from the hydraulic 
gradient and the measured spring discharge within the 
Amargosa. Desert, is less than 5 feet per day; the 
velocity beneath the Test Site is probably a fraction of 
this rate. The average rate of downward movement of 
water through the thick and widespread Tertiary 
zeolitized tuffs, which separate the Cenozoic aquifers 
from the Paleozoic aquifers in Yucca Flat, is probably 
a fraction of a foot per day.

New cesium-137 batch method for cation-exchange 
determinations

In studies of ion adsorption at the Nevada Test Site, 
Beetem, Janzer, and Wahlberg (1-62) developed a 
batch method for determining cation-exchange capacity 
using cesium-137. The new cesium-137 method is more 
precise than the ammonia and manganese batch meth­ 
ods. More recent studies by Beetem (1-63), using the 
mass-action equation, showed good correlation between 
distribution coefficients, equilibrium constants, and 
cation-exchange capacity for data on mixed clay 
systems.

Effect of explosion on infiltration rates

The Geological Survey participated in project SEDAN, 
a cratering experiment in July 1962, to obtain additional 
information on the effectiveness of higher yield nuclear 
devices for excavation and on the resultant fallout. 
Measurements made by W. C. Kasmussen of the infil­ 
tration rates of the surficial materials near the SEDAN 
site, before and after the shot, indicate that the post- 
shot surficial material had an average infiltration rate 
30 percent less than that of the preshot surficial 
material.

S7UD/ES AT OTHER SITES

In addition to investigations for defining the geology 
and selecting sites for underground nuclear experiments 
and reactor development at the Nevada Test Site, the

Geological Survey is involved also in projects at many 
other locations that concern (1) rock characteristics at 
established and potential missile sites; (2) peaceful 
uses of atomic energy (the PLOWSHARE program), in­ 
cluding projects GNOME, CHARIOT, and SCHOONER, and 
(3) detection of nuclear explosions (the VELA program), 
including project DRIBBLE.

Project GNOME

Project GNOME involved the detonation of a 5-kt 
nuclear device in salt of the Permian Salado Formation 
near Carlsbad, N. Mex. The Survey provided much 
of the basic geologic, geophysical, and hydrologic data 
needed to evaluate the geologic environment and to 
appraise observed postshot geologic effects.

Detailed postshot geologic mapping by L. M. Gard 
(1-63) of the reentry drift to the cavity created by the 
explosion showed that explosion-induced effects in­ 
cluded displacement of the rock along many small 
thrust faults. In one area, intrusive breccia veins that 
were formed by the blast contained galena and laurion- 
ite, a lead chloride identified by Theodore Botinelly. 
The minerals were formed by the reaction of lead, sur­ 
rounding the nuclear device, with water and the con­ 
stituents of the salt beds.

Data on distribution coefficients for samples from the 
GNOME shaft were used by. Janzer and others (1-62) to 
predict the probable velocity of movement of radioac­ 
tive contaminants dissolved in ground water relative to 
the movement of the ground water. Adsorption of 
cationic radioiiuclides (carrier-free cesium, strontium, 
and mixed fission products) increased with time. Dis­ 
tribution coefficients obtained after 120 days of contact 
were comparable to those obtained after 30 days. In 
general, the degree of adsorption of radionuclide by 
the earth-material samples decreased with increased salt 
concentrations.

Water samples collected from observation wells in 
the vicinity of the GNOME site several months after the 
GNOME shot show no change in radioactivity from that 
in water samples before the shot. Similarly, a pump­ 
ing test made in March 1963 of the principal aquifer, 
the Culebra Dolomite Member of the Rustler Forma­ 
tion, indicates no discernable change in the coefficient 
of permeability of the aquifer near the site as a con­ 
sequence of the GNOME shot.

Project DRIBBLE

Project DRIBBLE is an experiment consisting of a series 
of nuclear explosions in manmade cavities in salt at 
Tatuin dome, Lamar County, Miss., to test the effect 
of decoupling on the detectability of underground nu­ 
clear explosions. Recent work includes a mineralogic 
study of the salt-dome complex and its overlying beds 
by J. Schlocker, and a study of the stratigraphic se-
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quence in the region surrounding the Tatum dome by 
. H. Eargle.
Hydrologic studies show that water in sand and lime- 

tone aquifers overlying and surrounding the dome is 
moving at less than 10 feet per year. Laboratory 
studies by W. A. Beetem and V. J. Janzer on the dis­ 
tribution coefficients for various radionuclides, consider- 
:ng the sands and silty clays around the dome in rela­ 
tion to differing quality of water, show that the move­ 
ment of strontium radioisotopes would be retarded by 
a factor ranging from 4 to 309, and cesium isotopes by 
a factor ranging from 27 to 761, with respect to the 
velocity of ground water.

DISPOSAL OF RADIOACTIVE WASTES

The U.S. Geological Survey has continued in 1963 
its investigation of the geologic, hydrologic, and geo- 
ohemical aspects of the disposal of radioactive wastes. 
Topical and areal studies are in progress at six installa­ 
tions of the U.S. Atomic Energy Commission (AEC), 
:.n Geological Survey offices and laboratories, and at 
; several field locations throughout the United States. 
In addition, appraisals of several sites proposed for 
:iuclear installations were made to determine the capac­ 
ity of streams and the ground to accept radioactive 
wastes.

i Movement of radionuclides in streams

The fate of radionuclides introduced into the Clinch 
and Tennessee Rivers at Oak Ridge National Labora­ 
tory, Tenn., and into the Columbia River at the Han- 
:brd Atomic Products Operation, Wash., is being 
studied in two major projects. 

Work at Oak Ridge is part of comprehensive studies
)y several Federal and State agencies to determine the 
physical, chemical, and biological factors controlling 
nhe capacity of the stream system to accept, without 
'lazard to man, liquid effluents having low levels of 
radioactivity. P. H. Carrigan, B. J. Frederick, E. P. 
Mathews, R. J. Pickering, and others have contributed
;o the findings of the Clinch River steering committee. 36 

They found from flow-duration and frequency studies
Jiat in any year the probability is 50 percent that the 
dilution for a 30-day period will be less than 130 times;
:he probability is 10 percent that dilution will be less 
pian 78 times. Although bottom sediments play an im- 
bortant role in the deposition of some radioactive mate- 
fials, most of the radioactivity passes downriver through 
the Tennessee River system. Problems in sampling led 
to the use and modification of several interesting

86 Morton, R. J., ed., 1962a, Status report No. 2 on Clinch River study : 
0ak Ridge Natl. Lab-3202, Nov. 21, 1962.

I Morton, R. J., ed., 1962b, Status report No. 3 on Clinch River study: 
Oak Ridge Natl. Lab-3370. [In press]

methods. Carrigan and Pickering found that certain 
observations could be made only by a "first-hand look" 
and qualified themselves as SCUBA divers so that they 
could inspect the bottom sediments in place. In addi­ 
tion, Pickering 37 took more than 100 undisturbed cores 
with the Swedish foil sampler, a piston-type sediment 
sampler which utilizes thin metal axial strips to mini­ 
mize friction between the sediment core and the sample 
tube as the core is taken. Radioactivity measurements 
of the cores have shown substantial variations in gross 
gamma radioactivity with depth in the sediment.

Radionuclides in the Columbia River below Hanf ord, 
Wash., are transported in solution, adsorbed on sedi­ 
ments in suspension and on the bottom, and in associa­ 
tion with plant and animal life. Preliminary results 
of a study of radionuclides transported in solution and 
adsorbed on sediment indicate that a relatively large 
part of the radioactivity is transported with the sedi­ 
ments and that the concentration is very much higher 
on the sediments than in the water. Because of the 
size of the stream and the complexity of the hydraulic, 
chemical, and sedimentological variables it will be diffi­ 
cult to make an accurate dynamic inventory of the 
radionuclides being transported in the several phases 
of the river system. One particularly difficult problem 
has been to compute stream discharge in the lower 
reaches of the Columbia and Willamette Rivers, which 
are affected by tides. Methods developed by R. A. 
Balzer and John Shen involve the use of two gaging 
stations, one at each end of a reach. The stage data are 
used in a computer program to solve the flow equations. 
For the water and sediment phases it has been necessary 
to develop an optimum sampling frequency, both with 
respect to time and to spacing in a given cross section, by 
means of statistical analysis.

In a study of distribution of radioelements in ground 
and surface water of the Shirley basin south of Casper, 
Wyo., R. C. Scott found that installation of a well field 
and pumpage of ground water to lower the water table 
around major uranium ore bodies has modified the 
chemical character of nearby stream water. However, 
within 3 miles of the well field, the radium concentration 
drops to about normal background levels; probably the 
radium is adsorbed on sediments in the stream beds. 
Uranium, on the other hand, remains above background 
concentrations by at least a factor of 10 throughout the 
basin along a reach of about 30 miles of the Little 
Medicine Bow River. Radon concentration in water 
from the Wind River Formation (the ore horizon) 
ranges from 3,600 to 200,000 picocuries per liter (10 ~ 12

87 Pickering, R. J., 1963, Use of the Swedish foil sampler for taking 
undisturbed cores of river bottom sediments : Proc. Federal Interagency 
Sedimentation Conf., Jan. 28 to Feb. 1, 1963, Jackson, Miss., U.S. Dept. 
Agriculture Misc. Pub. [In press]
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c/1), but springs in the overlying nonuraniferous 
White River Formation contain only 750 to 2,200 
picocuries radon per liter.

Movement of radionuclides underground

Movement of radioactive wastes discharged into seep­ 
age pits and into a disposal well has been studied in­ 
tensively at the National Reactor Testing Station 
(NRTS), Idaho. Rates and directions of ground- 
water travel away from an injection well have been 
measured using tritium and other radionuclides present 
in low-activity liquid wastes discharged into the well 
as tracers. This work was reported by P. H. Jones and 
B. L. Schmalz,38 who found that "first-arrival" travel 
velocities ranged from 24 to 141 feet per day out to 
'3,500 feet downgradient from the disposal well. As a 
result of spatial variations in transmissibility and 
pressure head, the waste plume is dispersed through an 
angle of about 90°.

A new concept for the storage of highly radioactive 
wastes that result from chemical reprocessing of reactor 
fuels is being studied at the AEC Savannah River Plant 
near Aiken, S.C. I. W. Marine and G. E. Siple have 
participated in an investigation of the feasibility of 
storing these wastes in a mined cavity in metamorphic 
rocks more than 1,500 feet below ground rather than in 
buried steel tanks near the land surface, as is current 
practice. The most important safety aspect of the 
feasibility appraisal involves the likelihood of transport 
of long-lived radioactive materials such as strontium- 
90 and cesium-137 with naturally occurring ground 
water through fractures in the rock. By detailed 
hydraulic tests on selected depth intervals in 7 drill 
holes, and by controlled pumping tests in 2 of the holes, 
the distribution of water-bearing fractured zones in the 
bedrock has been mapped by Marine. Measurements 
by Siple and Marine showed that the head of highly 
mineralized water in the metamorphic rock was about 
20 feet higher than that of relatively fresh water in the 
overlying Cretaceous sands.

At the Los Alamos Scientific Laboratory, N. Mex., 
the Survey for many years has studied problems of 
water supply and the effect of disposal of radioactive 
wastes on water resources. By analysis of data from 
pumping tests of the water-supply wells and by mapping 
hydraulic gradients, C. V. Theis and C. S. Conover 39 
found that it would take at least 70 years for low-level 
liquid wastes to traverse the 5 miles from the recharge 
area to the well field.

88 Jones, P. H. and Schmalz, B. L., 1963, Distribution of radionuclides 
in ground water at the National Reactor Testing Station, Idaho, with 
particular reference to tritium: U.S. Geol. Survey open-file report.

39 Theis, C. V., and Conover, C. S., 1962, Pumping tests near Los 
Alamos, New Mexico: U.S. Geol. Survey Water-Supply Paper 1619-1, 
24 p.

E. H. Baltz, J. H. Abrahams, Jr., and W. D. Purty- 
man (2-63) have made a detailed study of the geology 
and hydrology of Mortandad Canyon near Los Alamos, 
N. Mex., near the site of a new treatment plant for 
radioactive wastes. By describing the geology and by 
measuring the in situ natural-state moisture content of 
soils and rocks, the streamflow, and variations in hydro­ 
static head in perched aquifers over a period of 2 years, 
a sound basis has been laid for evaluating the effects 
of waste disposal on the drainage basin. They conclude 
that waste liquids will infiltrate into the upper and 
middle reaches of the canyon and then move under­ 
ground through alluvium. Clay in the alluvium will 
probably remove most of the radionuclides in the waste 
near the point of infiltration.

In collaboration with personnel of the Los Alamos 
Scientific Laboratory, C. M. Bunker and W. A. Bradley 
(2-62) studied conditions in a small tile-drain field 
constructed at Jackass Flats, Nev., for the seepage dis­ 
posal of liquid radioactive wastes in alluvium. They 
made successive gamma-ray logs of small-diameter 
shallow borings in the tile field before and after the 
injection of simulated and real waste liquids. Al­ 
though the success of the method was limited by the 
small amounts of radioactivity in the waste and in the 
test solutions, they found that the radioactivity was 
confined to a zone within a few feet of the seepage 
tile. 

Disposal of radioactive wastes in sedimentary basins
Deep-well disposal of radioactive wastes has great 

potential for the future, when facilities producing 
liquid nuclear wastes will be more widespread than they 
are today. Before the method can be used at a potential 
site, it will be necessary to know the subsurface geology 
of the rocks and the condition of their contained fluids 
in considerable detail.

Helen Beikman (1-62) has summarized the geology 
of a potential site, the Powder River Basin of Wyoming 
and Montana. She suggests that reservoirs suitable 
for disposal of fluid wastes may be found in the Flat- 
head Sandstone, Tensleep Sandstone, and Sundance 
Formation of pre-Cretaceous age and in sandstone beds 
of the Fall River, Lakota, Newcastle, Frontier, Coda, 
and Mesaverde Formations. Several thick sequences 
of shale in the Cretaceous section might be suitable for 
storage by the hydraulic-fracturing disposal technique.

C. A. Sandberg (3-62) summarized the geology of 
the Williston basin and found that the Winnipeg For­ 
mation and the Newcastle Sandstone may be suitable 
for the injection of fluids. Salt beds are present in 
which cavities for waste storage might be dissolved, 
but these are at considerable depth, and shale beds in
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Cretaceous deposits may be suitable for hydraulic 
fracturing.

Rock salt is a dry geologic medium in which calcined 
or fused solids that have been formed by dehydration 
of highly radioactive liquid wastes may be stored. Be- 
pause a knowledge of the distribution of rock-salt de­ 
posits is important for planning future waste-disposal 
ictivities of this type, W. G. Pierce and E. I. Rich
1-62) have mapped and described salt deposits in 24 

States, some deposits of which have a lateral extent of
everal hundred miles. Large volumes of space are 
ivailable in cavities that have already been mined out,
nd new space could be developed at relatively low cost.

Geologic and hydrologic evaluation of sites of nuclear- 
energy facilities

A number of sites for reactor and other nuclear- 
nergy installations have been studied on behalf of the 
Atomic Energy Commission as well as other govern- 
nental agencies. Special emphasis is placed on evalu- 
ting potential hazards to water supplies in the event 

)f accidental discharge of radionuclides. Studies 
over sites for a research and test reactor proposed by 
he U.S. Bureau of Standards at Gaithersburg, Md., a 
oower-demonstration reactor near LaCrosse, Wis., 
uture nuclear-rocket launching facilities at Cape Ca- 
laveral, Fla., and a chemical plant for reprocessing re- 
ictor fuels in western New York State.

In a study of the site for a power facility at Hallam, 
S"ebr., C. F. Keech (1-62) found that the site is under- 
ain by unconsolidated deposits of Pleistocene age more 
han 400 feet thick, from which copious supplies of 
ground water are pumped. Radioactively contaminated 
iquid that might be spilled on the site would probably 
>e retained in one or both of two structures installed 
or retarding water. If radioactive fluids were to get 
>ast these structures, they would flow into Salt Creek 
md thence into the Platte River. Salt Creek is not used 
is a source of drinking water, and serves in only a few 
)laces as a source for irrigation.

WATER-CONTAMINATION STUDIES

With increasing growth of population and industry, 
reuse of water is necessary in most areas of the United 
States. The complex organic chemistry involved in 
some of the industrial processes, and the large household 
use of synthetic detergents increase the problem of treat­ 
ing water for reuse. Additional problems are caused 
by the necessity of disposing of fluid wastes without 
harming surface or subsurface sources of water supply. 
Some U.S. Geographical Survey findings in studies of 
contamination of water are outlined below.

Environmental classification for disposal of fluid wastes

In order to formulate a systematic procedure for 
evaluating sites for the disposal of fluid wastes, H. E. 
LeGrand has outlined the environmental factors that 
must be considered at any site, and their interrelations. 
The factors are: (1) the depth of water table below the 
waste source, (2) the sorption in terms of types of earth 
materials, (3) the permeability in terms of types of 
earth materials, (4) the approximate average gradient 
between a waste site and a well, and (5) the distance 
from point of ground contamination to point of ground- 
water use.

Laboratory studies of behavior of detergents

The behavior of detergents and other contaminants 
in soil-water environments is being studied by C. H. 
Wayman, J. B. Robertson, and H. G. Page. The work 
is concerned with the influence of physicochemical and 
biochemical properties of detergent solutions on move­ 
ment through the unsaturated and saturated zones. 
Some significant findings are:

1. Measurements of the surface tension of anionic, 
cationic, and nonionic surfactants (such as detergents) 
with the Cassel-type tensiometer showed that the great­ 
est change in surface tension-concentration gradient 
takes place in solutions containing up to 25 ppm of sur­ 
factant material (Wayman and others, 4-62, fig. 179.1). 
The surface tension of cationic and nonionic surfactants 
decreases with increase in pH; the surface tension of 
anionic surfactants increases with increase in pH. The 
surface tension of waste-water solutions should be con­ 
sidered when ground-water recharge studies and infil­ 
tration characteristics are evaluated. Detergents in 
waste water would increase drainage rates in coarse 
sand, but in clayey materials they would tend to decrease 
capillary flow.

2. The Gibbs' adsorption equation was applied to syn­ 
thetic-detergent solutions by Wayman (2-63). The sur­ 
face excess, as calculated from the slope of the surface 
tension-concentration curve, and Avogadro's number 
were used to calculate the cross-sectional area of the 
synthetic detergent alkylbenzenesulfonate (ABS). 
Such calculations are useful in assessing the peculiar 
type of absorption at solid-liquid interfaces. The criti­ 
cal micelle concentration of the detergent studied was 
1,000 ppm based on surface-tension data.

3. The potential of the natural clay minerals kaolinite 
(Wayman and others, 3-63), illite (Art. 119) and 
niontmorillonite (Art. 59) to remove ABS from water 
has been investigated. All the clays had adsorption 
capacities ranging from 200 to 400 micrograms of ABS 
per grain of clay at ABS concentrations of as much as 10 
ppm. ABS containing 15 carbon atoms in the alkyl
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chain is adsorbed to a greater extent than ABS con­ 
taining 12 carbon atoms. Other variables that produce 
optimum adsorption of ABS on clays are acid solution 
(pH 4), salts in solution (NaCl, CaCl2 or A1C13 ) up to 
1,000 ppm, and in some tests orthophosphate in solution. 
Clays are relatively inefficient as adsorbents for ABS in 
comparison with activated charcoal or activated 
alumina, but are less expensive.

4. Studies of the growth of pure cultures of coliform 
bacteria at 10° to 35°C in acid to alkaline solutions con­ 
taining detergent constituents indicate that bacteria 
survive longest in detergent solutions at low tempera­ 
tures and at neutral and alkaline pH (Art. 57). Phos­ 
phate, carboxymethylcellulose, and other constituents 
of household detergents contribute to bacterial survival. 
Low concentrations of ABS have no nutrient value, and 
high concentrations tend to be toxic to bacteria.

Detergents in Long Island ground water

Analyses of water from groups of observations wells 
screened in glacial outwash, at depths ranging from 12 
to 77 feet below land surface at three public-supply 
well fields in southern Suffolk County, Long Island, 
N.Y., show concentrations of ABS as high as 1.5 ppm. 
N. M. Perlmutter and I. H. Kantrowitz, continuing 
studies by Pluhowski and Kantrowitz,40 report that the 
source of the ABS is seepage from hundreds of domestic 
cesspools upgradient from the well fields. The pattern 
of fluctuations in concentrations of ABS in 1961-62 was 
not always the same at all depths. The largest fluctua­ 
tions occurred in the 15- to 44-foot depth range. Varia­ 
tions in concentration probably are affected mostly by 
(1) the amount of ABS discharged upgradient, (2) 
variations in precipitation, (3) rate and duration of 
pumping at the well fields, and (4) geochemical in­ 
fluences on the contaminated water as it moves through 
the ground.

Nitrate in Long Island ground water

Nitrate concentrations (NO3 ) ranging from about 
20 to 69 ppm were noted by John Isbister in the shallow 
ground water of east-central Nassau County, Long 
Island, N.Y. The nitrates probably originate in part 
from chemical fertilizers, which were used extensively 
in the area before the late 1940's, and in part from the 
cesspool effluent discharged into the ground.

Cadmium and chromium contamination in Long Island 
ground water

N. M. Perlmutter, in collaboration with Maxim Lie- 
ber of Nassau County, N.Y., Department of Health 
and H. L. Frauenthal of Nassau County Department

40 Pluhowski, B. J., and! Kantrowitz, I. H., 1961, Hydrology of the 
Babylon-Islip area, Suffolk County, Long Island, New York: U.S. Geol. 
Survey open-file report, 118 p.

of Public Works (Art. 105), report that a slug of con­ 
taminated ground water in glacial outwash, which con­ 
tains as much as 3.7 ppm of cadmium and 14 ppm of 
hexavalent chromium, extends about 4,200 feet from 
its source at a plating plant in South Farmingdale, 
Nassau County, Long Island, N.Y. The slug has a 
maximum width of about 1,000 feet and a thickness of 
about 70 feet. Part of the waste discharges naturally 
into a stream near the southerly end of the slug, and 
the remainder moves slowly downgradient as under­ 
flow in the stream valley. The contaminants, which 
have seeped into the ground-water reservoir for indus­ 
trial recharge basins during the past 20 years, act as 
accidental tracers for delineating the pattern of move­ 
ment in the shallow water-table aquifer.

Movement of acid mine-waste waters

In a study of the effects of acid mine drainage on 
water quality in the Beech Creek basin, central Pennsyl­ 
vania, J. R. George reports that rainfall does not con­ 
sistently produce "slugs" of more highly concentrated 
water in the drainage system. Observations of water 
quality at one point in the basin between June and 
December 1962 indicate that antecedent moisture con­ 
ditions, rainfall intensity, and distribution each are 
significant factors in appraising the quantity of acid 
water and the rate at which it is washed into the sur­ 
face drainage system.

Contamination of Lake Champlain from Saranac River

In studies carried out in cooperation with the New 
York State Department of Health, G. R. Ayer used 
glass-jug floats and temperature data to determine that 
contaminated water from the Saranac River emptied 
into Lake Champlain and moved northward past mu­ 
nicipal beaches of the city of Plattsburgh.

Saline water moving upward in Roswell basin, New 
Mexico

G. E. Maddox reports that encroachment of brackish 
water into the fresh-water part of the Permian San 
Andres Limestone, the principal artesian aquifer of 
the Roswell artesian basin, has resulted from decline 
of artesian head caused by large-scale pumping of fresh 
water. Recent investigation has indicated that en­ 
croachment of brackish water may be predominantly 
upward, and that lateral migration is confined to local 
areas of greater permeability. Previously, encroach­ 
ment was thought to be predominantly lateral from 
saline-water bodies in the San Andres east and north­ 
east of Roswell. Marked seasonal fluctuations in 
chloride content of wells across a distance of several 
miles, increase in chloride content with depth in the 
San Andres Limestone, and greatest increase in chloride 
content of water from wells in areas of heaviest pump-
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ing have led to the conclusion that upward migration 
accounts for much of the brackish water. A possible 
& mrce of the brackish water is the underlying Yeso For­ 
mation, which contains large amounts of salt.

Oil-field brine contamination in Kansas and Kentucky

Quality of water and tonnage of dissolved solids at 
different stages of base flow were determined by R. B. 
Ileonard from surveys of the Walnut River, Kansas, 
and its major tributaries in December 1961 and April 
and November 1962. Chloride, which constituted about 
25 percent of the dissolved solids carried by the main- 
stem, is derived principally from brine-saturated soil 
and polluted shallow ground water in or near oil fields. 
Local pollution of shallow aquifers by oil-field brine 
was determined by analyses of water from existing 
wells and from auger holes. Sulfate, which constituted 
ajbout 15 percent of the dissolved solids in the lower 
roaches, is derived principally from gypsum and gypsif- 
erous shale of Permian age, which are exposed in the 
^estern part of the basin. The waters are commonly 
l}ard to very hard.

i Sulf ate-chloride ratios of waters not polluted by oil­ 
field wastes are normally greater than 1. Ratios as high 
as 11 were observed in tributaries draining the western 
part of the basin and as low as 0.03 in tributaries drain­ 
ing oil fields. The quality of water in most minor 
tributaries remains relatively constant despite vari- 
ajtions in base flow.

I According to A. M. Diaz, data from 55 sampling sta- 
tfons in Kansas indicate that streams in the eastern 
tjiird of the State contain less dissolved solids than those 
iji the rest of the State. This is attributed to the greater 
rjunoff in the eastern third and greater inflow of natural 
aind oil-field brines in the western two thirds. Most 
^ansas streams contain less than 0.3 ppm of iron, 0.05 
ppm of manganese, and 0.2 ppm of boron, but there 
are local exceptions.

| Studies by H. T. Hopkins (1-63) in the Upper Big 
pitman Creek basin near Greensburg, Ky., have shown 
t le extent and degree of contamination of fresh ground 
water by disposal of brines associated with oil produc- 
t ion. Brines were first disposed of into ponds, sinkholes, 
and local drainageways, but oil producers are now re­ 
quired to inject brines under pressure into deeper for­ 
mations not used for water supply. Fresh ground water 
has been contaminated by downward percolation from 
surface disposal sites or through upward movement of 
itijected brines that escaped through abandoned and 
i^ncased gas- and oil-test wells. Low-water salinity sur- 
Yeys of streams in the vicinity of the Greensburg field 
l|y R. A. Krieger indicate marked improvement in over­ 
all water quality as compared with conditions in 1959.

Investigations by the Geological Survey relating to 
problems of occurrence of salt water in coastal areas are 
discussed in Marine Geology and Hydrology (p. A125 
to A127) and under Water Resources, Atlantic Coast 
Area (p. A21-A29) and Water Resources, Pacific Coast 
Area (p.A43-A50).

DISTRIBUTION OF MINOR ELEMENTS AS RELATED 
TO PUBLIC HEALTH

Environmental studies have been receiving increasing 
attention in the field of public health in recent years. 
The rocks on which we live, the soils in which our foods 
grow, and the water that we drink are highly significant 
factors in the human environment, and the U.S. Geo­ 
logical Survey, accordingly, is participating in many 
investigations of how these factors affect health. The 
natural distribution of elements in this context is treated 
in the following section. Specific problems involving 
artificial distribution of mineral matter as related to 
health are treated under other topics, as follows Water 
Contamination Studies (p. A59), Disposal of Radio­ 
active Wastes, (p. A5T), and Studies of Atmospheric 
Moisture (p. AMY).

Minor elements in San Juan County, N. Mex., and 
Washington County, Md.

The distribution of elements in vegetation, water, soil, 
and rocks of San Juan County, N. Mex., was investi­ 
gated by H. L. Cannon to compare the physical environ­ 
ment of this county with that of Washington County, 
Md. The study was made for the National Cancer In­ 
stitute of the National Institutes of Health, to provide 
data for epidemiological studies of heart disease and 
cancer in the two counties. The waters of San Juan 
County contain more iodine and sulfate than those of 
Washington County, but the vegetables grown there con­ 
tain only one-fifth as much titanium and half as much 
lead as vegetables grown in Washington County. Vege­ 
tables grown on alluvium and irrigated with water from 
the Animas River, which receives effluent from a uran­ 
ium mill at Durango, show no marked differences in 
minor-element content from those grown along the San 
Juan River, except for a sevenfold increase in strontium 
content.

Preliminary data from a geochemical survey of an 
area underlain by thin-bedded limestones and dolomites 
near Sharpsburg, Washington County, Md., by Sam 
Rosenblum and W. J. Sando, indicate generally 2- to 
100-fold enrichment of most elements in the soils 2 to 
10 inches below the surface, relative to the amounts in 
the underlying rocks. Except for calcium, magnesium, 
and strontium, the alkaline elements are concentrated in



A62 GEOLOGY AND HYDROLOGY APPLIED TO ENGINEERING AND PUBLIC HEALTH

the soils rather in the subjacent rocks. Elements not 
generally found in the rocks but present in considerable 
amounts in the soils include boron (30-50 ppm), lan­ 
thanum (50-200 ppm), niobium (5-7 ppm), scandium 
(7-15 ppm), yttrium (30-100 ppm), and ytterbium (3-7 
ppm). Silver was detected in the soils in amounts less 
than 0.7 ppm, but is generally absent in the rocks. One 
soil sample contained 150 ppm lithium, but this element 
was not detected otherwise. Although the principal 
radioelements, uranium and thorium, were not detected, 
a scintillation-counter survey indicated generally higher 
radioactivity in the soil than in the rock outcrops; the 
maximum radioactivity found was 14.4 milliroentgens 
per hour.

Distribution of natural radioactivity

Because of the known relation of artificial radiation 
to the incidence of cancer, the distribution of natural 
radioactivity is of special interest to environmental 
health investigators. To meet the need for information 
in this field the Survey is investigating the intensity of 
natural radiation and the distribution of radioactive 
minerals in the rocks, soil, and water of the United 
States.

Compilation by Sam Rosenblum of aeroradioactivity 
data of the United States is near ing completion. At 
least half of the 70 areas for which compilation is com­ 
plete, representing 10- to 20 percent of the United 
States, show less than 400 counts per second of radiation 
attributed to the ground. Up to 5 percent of the total 
area included in the compilation showed radiation of 
more than 800 counts per second. Areas of high radia­ 
tion are related to underlying crystalline rocks of gra­ 
nitic composition in the Appalachian and New England 
regions, and to uranium mineralization in the Western 
States.

R. C. Scott and F. B. Barker (1-62) tabulated the 
results (by States) of analyses of 561 ground-water 
samples. These results included uranium and radium 
concentration, content of principal dissolved constitu­ 
ents, and beta-gamma activity, and are accompanied by 
hydrologic and geologic data for each sample. The 
median uranium content is highest for waters of the 
Rocky Mountain states and lowest for those of the At­ 
lantic and Gulf coastal plains; the median radium con­ 
tent is highest in waters of the Ozark-Ouachita region; 
and waters of the Pacific mountain belts are generally 
low in uranium and radium content.

Fluorine in ground water

A map showing the maximum fluorine content of 
ground water, by counties, of about 90 percent of the 
area of the conterminous United States, was compiled 
by Michael Fleischer (1-62). Areas in which the maxi­

mum fluorine content is high include most of the south­ 
western United States; a belt from eastern Montana 
through North Dakota, Iowa, Illinois, and Indiana to 
Ohio; and scattered smaller areas in the eastern sea­ 
board and Central States. Areas in which ground wa­ 
ter has a low fluorine content include the Appalachian 
Mountains region, the midcontinent region, and parts 
of the Pacific Northwest.

Biogeochemistry of vanadium

H. L. Cannon (1-62) reports that vanadium in small 
amounts is stimulating to plants but that as much as 
10-20 ppm in nutrient solutions is commonly harmful. 
Herbs are more efficient vanadium accumulators than 
trees and shrubs. The vanadium content of plants 
rooted in calcic soils is low, and the content in plants 
rooted in seleniferous soils is high. Vanadium is prob­ 
ably essential to vertebrates, and is reported to decrease 
dental caries and to inhibit cholesterol biosynthesis in 
animals and man. Soils of many areas of the United 
States are low in vanadium content, and vegetation 
growing in them may be nutritionally deficient in this 
element.

Beryllium in coal

Peter Zubovic, Taisia Stadnichenko, and N. B. 
Sheffey have found that some coals in Indiana and east­ 
ern Kentucky contain 12-20 parts per million beryllium. 
The volatilization of beryllium as an organic complex 
in the burning of coal should be investigated as a 
possible health hazard.

Minor-element content of Salt Lake City municipal water 
supply

Osamu Hattori has determined the concentration of 
17 minor elements in the Salt Lake City public-water 
supply, of which 7 are included in the 1961 drinking- 
water standards of the U.S. Public Health Service. 
Concentrations of these 7 elements, cadmium, chromium, 
copper, iron, lead, manganese, and zinc, were below the 
recommended limits for drinking-water in 5 major 
sources of supply sampled in July 1962. Although all 
the 17 elements analyzed for were found only in very 
small amounts, the relative amounts of some varied with 
the sources. For example, water from Deer Creek 
Reservoir was above the average in aluminum, copper, 
iron, and vanadium content; water from Little Cotton- 
wood Creek was above the average in bismuth and 
molybdenum; water from City Creek was above the 
average in lead and cobalt; and water from Big Cotton- 
wood Creek was above the average in nickel content. 
No differences in concentration of cadmium, chromium, 
manganese, zinc, beryllium, gallium, germanium, and 
titanium were noted among the five sources.
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PROBLEMS IN ENGINEERING GEOLOGY

Geology and hydrology are widely applied in con­ 
traction and mining. For the most part, however, in­ 

vestigations are made of individual projects by the 
public agency or private firm doing the work. The 
work of the U.S. Geological Survey is directed toward 
investigations of the engineering geology of large areas, 
or the solution of fundamental problems that are com­ 
mon to many projects. Examples of this approach are 
treated in the following section and include studies of 
construction materials and foundation conditions in 
everal urban areas, investigations of landslides, and 
tudies of bumping and excessive seepage of water in 

mines.

welling clays lacking in proglacial deposits at Seattle, 
Wash.

In Seattle, Wash., samples from all known fresh pro- 
glacial clay units were found by D. R. Mullineaux to 
have practically the same clay mineralogy, regardless of 
i ,ge or grain size. Investigation showed that differences 
in plasticity of these clays are controlled chiefly by 
differences in grain size. These results are of economic

s well as academic importance, because liquid-limit and 
plasticity-index values, which are used by engineers as
n index of swelling properties, for many samples are 

high enough to suggest the presence of swelling clay. 
Instead, the high index values are related to particle
ize rather than to the presence of swelling clays.

Highly expansive clays) at Rapid City, S. Dak.

Ernest Dobrovolny (1-63) determined that the Cre- 
aceous shales which underlie much of the older part of 
apid City, S. Dak., particularly the Graneros Shale, 

re highly expansive. Samples of disaggregated air- 
dried material were tested with a proving-ring device 

soil potential-volume-change meter) developed under 
he auspices of the Federal Housing Administration. 
Samples from the Mowry and Belle Fourche Shales de­ 
velop swell-index pressures that range from 5,000 to 
6,000 psf (pounds per square foot) ; at constant volume 

lest values were obtained in excess of 20,000 psf. Pres­ 
sures this high are indicative of very critical soil, which 

l cause excessive damage to structures unless special 
design and construction specifications are followed. 
Samples from the Skull Creek Shale have a range of 
swell-index pressure from 4,900 to 5,400 psf, low in the 
ery critical category range. Swell-index pressures of 

samples from the Greenhorn Formation range from 
L,200 to 2,000 psf, between the noncritical and marginal 
categories. Samples from the Carlile and Niobrara 
formations have swell-index pressures ranging from 
L,000 to 1,200 psf, in the noncritical category.

Swelling clays at Pueblo, Colo.

G. R. Scott has found that most of the shale and sur- 
ficial units at Pueblo, Colo., have only a marginal po­ 
tential volume change, but that some beds of shale and 
bentonite have critical or very critical potential volume 
changes. One bentonite bed had a swell index of more 
than 8,000 psf. In the Pueblo area, lack of adequate 
drainage at the interface between permeable materials 
and underlying impermeable swelling soil seems to be 
the most common cause of foundation problems.

Swelling soils at Stanford linear accelerator, California

Clay soils near Menlo Park, Calif., showed a change 
in thickness of nearly 10 mm in the top 3-foot section 
as a result of a 10-percent change in soil-moisture con­ 
tent, as compared with about 1 mm for sandy soils in 
the same area. These changes were demonstrated in 
soil-moisture observations in 1961-62, by A. O. Waana- 
nen using a neutron soil-moisture meter, and were cor­ 
related with the results of precise levels in connection 
with foundation and soil studies for the Stanford linear 
accelerator now under construction.

Sequence of Pleistocene deposits in downtown Boston, 
Mass.

C. A. Kaye has found that borings and excavations 
on the north slope of Beacon Hill at Boston, Mass., 
show the same complex sequence of Pleistocene deposits 
and the same structural deformation as found earlier 
on the south slope of the hill in the excavation for an 
underground garage beneath Boston Common.41 At 
least 3 glacial drifts and 2 separate marine clays were 
recognized. The structural deformation of the older 
drifts produced variable and unpredictable foundation 
conditions for the underground garage.

Degradation of basalt on roads in Oregon

Interstitial nontronitic material in some zones of the 
Columbia River Basalt of Oregon are regarded by Ray 
Wilcox as the cause of the ultrarapid weathering of this 
rock and its rapid degradation when used as road ag­ 
gregate and base course. This rock behaves much like 
the so-called "sunburner basalts," long recognized and 
avoided by roadbuilders in Europe. Some of the Eu­ 
ropean "sunburners" have been explained as due to vol­ 
ume expansion in a nephelite-to-analcite alteration, but 
nephelite is not present in the Columbia River Basalt. 
The effect has recently been recognized by investigators 
in the Pacific Northwest, who ascribe the rapid degrada­ 
tion to alteration of the primary f erromagnesian miner­ 
als of the basalt to clay minerals. Probably interstitial 
nontronitic (and chlorophaeitic?) material is respon-

41 Kaye, C. A., 1961, Pleistocene stratigraphy of Boston, Massachu­ 
setts : Art. 34 in U.S. Geol. Survey Prof. Paper 424-B, p. B73-B76.
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sible for the rapid degradation and should be regarded 
as a late-stage deposit in the cooling history of the basalt 
rather than as an alteration product.

Source of clean sand near Beltsville, Md.

A clean sand deposit in the Beltsville quadrangle, 
Maryland, used for asphalt paving, has been identified 
by C. F. Withington as a probable beach deposit of the 
Patapsco Formation of Upper Cretaceous age. Al­ 
though the sand is of limited extent in the Beltsville 
quadrangle, the recognition of its origin as a beach 
deposit suggests that additional deposits may be found 
in this part of Maryland.

Deposits of sand and gravel in western Massachusetts

G. W. Holmes has found that the deglaciation of the 
Housatonic drainage in western Massachusetts appar­ 
ently was not complicated by many lateral shifts in 
drainage, by reversals in drainage, or by the lingering 
of many separate ice-block dams, as happened in eastern 
New England. As a result, coarse glacial materials of 
the Housatonic drainage were deposited as relatively 
few and commonly isolated bodies of gravel and sand, 
mostly in the form of kames, kame terraces, outwash ter­ 
races, and deltas. Less than a third of these deposits 
are being or have been exploited for construction 
materials.

Comparison of shallow seismic surveys with construc­ 
tion records of Massachusetts highways

Comparison by Robert Mattick of shallow seismic 
surveys made in Massachusetts between 1949 and 1961 
with highway construction records indicates that the 
depth to bedrock as calculated from seismic data was 
consistently greater than the actual depth. The 28 sites 
studied showed that at 2 sites the depths to bedrock 
were predicted with an error of less than half a foot, 
at 3 sites the predicted top of bedrock was 2, 8, and 10 
feet above the actual top of rock, and at 23 sites the seis­ 
mic depths proved to be 1 to 9 feet greater than the 
actual rock depths. The calculated top of bedrock for 
all 28 sites averaged approximately 3% feet below the 
actual top of the rock. The discrepancy is due to the 
fact that seismic velocities in the upper few feet of 
bedrock were on the order of 5,000 fps (feet per second) 
rather than 10,000 to 16,000 fps as assumed.

Major fault at a potential damsite on the Gunnison 
River, Colo.

Mapping by W. R. Hansen in the Black Canyon of the 
Gunnison River, Colo., disclosed a previously unknown 
20-mile-long fault, which he named the Red Rocks fault* 
This fault has a west-northwest trend, a large pre-Juras­ 
sic displacement, a moderate Laramide displacement, 
and a shattered zone generally hundreds of feet wide. 
In one reach of the Black Canyon, where the fault trace

follows the Gunnison River, poor core recovery and high 
water losses at a potential damsite are attributed to 
shattering in the Red Rocks fault zone.

Effect of navigation dams on ground-water levels of 
lower Arkansas River

M. S. Bedinger, H. H. Tanaka, and L. F. Emmett are 
applying electric-analog models in studies for predict­ 
ing the effect fon ground-water levels of changes in 
reservoir stages behind navigation dams to be built by 
the ILS. Army, Corps of Engineers, on the lower Ar­ 
kansas River. An initial step in this study was the 
preparation of a synoptic map of transmissibility of 
the alluvial aquifer of the lower Arkansas River valley 
based on aquifer tests, specific-capacity tests, and lith- 
ologiclogs (Art. 107).

Seismic investigation of coal-mine bumps, Carbon 
County, Utah

Sonic determinations by R. A. Black and F. W. 
Osterwald in the Sunnyside No. 1 mine indicated an 
appreciable difference in velocity between bumping and 
nonbumping areas. Seismic velocity in the bumping 
area is about 5,400 fps, whereas in the nonbumping area 
it is only 4,000 fps. The difference indicates either 
that the coals in the two areas are under markedly 
different stress conditions, or that they have different 
physical properties. Consistent results were obtained 
by sending signals through coal in the floors of work­ 
ings and along sides of pillars rather than through the 
roof. It was impossible to transmit sonic signals 
laterally through pillars or into pillars from roofs, 
probably because the pillars have failed internally along 
shear fractures that extend upward into roofs.

A seismic monitoring system, installed by F. W. 
Osterwald and C. R. Dunrud near the Sunnyside coal 
mines, consists of a network of four vertical seismom­ 
eters from which signals are transmitted to a central 
recording station. As many as 65 discrete events have 
been recorded in 1 day. Many of these events are bumps 
in active mining areas, others probably are roof falls 
in worked-out areas, and some are in unmined areas, 
but close to known faults. Large bumps occurred on 
January 17", 1963 in the Columbia mine, on March 9 
in the Sunnyside No. 1 mine, and on March 12 in the 
Geneva mine. Their locations were accurately known 
and permitted accurate travel-time curves to be drawn. 
As a result, centers of future bumps probably can be 
located to within 1,000 feet of their true locations.

A recording tiltmeter has also been installed near the 
Sunnyside coal mines. Numerous long-period move­ 
ments, with periods ranging from 30 seconds to 24 hours, 
have been observed. Many of these movements begin 
abruptly, and some consist of a series of damped sinu­ 
soidal waves of about 30-second period in addition to
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the mass tilting motion. The cause of these movements 
is not known, but they do not correspond to changes in 
temperature or wind velocity, or to the natural 
: !requency of the instrument.

lixcess water in Wyoming trona mine related to heaving 
of mine floor

I J. K. Kapp and W. T. Stuart find that in a trona 
friine near Green Kiver, Wyo., water under high pressure 
: n formations below the mined seam has leaked upward 
: nto the mine through fractures. These fractures form 
frhen the mine floor heaves at the time the load is re- 
^.uced during mining. The flows decrease as the 
jfractures are closed through compression caused by 
jweight of the overburden as caving closes the mine 
Openings. A network of wells has been proposed to 
Relieve the hydrostatic pressure and thereby decrease 
the possibility of a breakthrough of water into the 
mines.

Seepage in Wisconsin zinc-lead mines related to syn­ 
clinal structures

In the zinc-lead mines of southwestern Wisconsin, 
|C. L. R. Holt found that the largest flows of water in the 
Jnine drifts were associated with synclinal structures 
and highly fractured ore zones in dolomite. Ground 
water was found to be moving upward into the mined 
areas from the underlying St. Peter Sandstone.

High artesian head in abandoned Pennsylvania coal 
I mines causes seepage problems

I Near Pittston, Pa., measurements in abandoned 
anthracite mines indicate hydrostatic pressures above 
the land surface. To prevent flooding of basements 
from seepage, a 48-inch borehole was drilled into a mine 
to permit overflow and reduction of the head. The 
overflow is regulated according to the discharge of the 
Lackawanna River available for dilution of the 
[mineralized acid mine water.

Landslides in the Orinda Formation east of San Francisco 
Bay

A study by D. H. Radbruch and L. M. Weiler (1-63) 
of 195 landslides in a suburban area underlain by the 
Orinda Formation, east of San Francisco Bay, indicates 
that exposure and relation of bedding and joints to hill 
slopes are important controls. On natural slopes, slid­ 
ing is most common on northeast-facing hillsides where 
the bedding dips opposite to the slope. In cuts, sliding 
commonly occurs on joint planes as well as bedding 
planes.

Landslides near Gardiner, Mont.

Geologic mapping in the Gardiner, Mont., quadrangle 
jby H. A. Waldrop and H. J. Hyden (1-63) has shown 
Ithat an area of about 5 square miles southwest of Gardi­

ner consists not of glacial drift, as previously supposed, 
but of glide blocks, slumps, and earthflows of intergla- 
cial and postglacial age.

PROBLEMS IN ENGINEERING HYDROLOGY 

LAND SUBSIDENCE

Compaction of aquifer systems resulting from decline 
of artesian pressure has been observed in many widely 
scattered areas. This phenomenon is significant not 
only because of the resulting land subsidence, but also 
because the compaction is a measure of the amount of 
ground water yielded from storage in the aquifer sys­ 
tem. Specific investigations of land subsidence are in 
progress in the San Joaquin and Santa Clara Valleys, 
Calif., and the Houston-Gal veston area, Texas. In ad­ 
dition, subsidence is being investigated as a facet of 
ground-water problems at Las Vegas, Nev., in southern 
Arizona, and at Denver, Colo.

Another type of subsidence, that due to oxidation of 
peat at land surface, is described also.

Land subsidence exceeds 1 foot per year in central 
California

In the Los Banos-Kettleman City area on the west 
side of the San Joaquin Valley, Calif., analysis of re- 
leveling by the U.S. Coast and Geodetic Survey indi­ 
cates that land subsidence from December 1959 to 
March 1963 has been as much as 4 feet. At one site, 
where subsidence from February 1960 to March 1963 as 
determined by the releveling was 3.45 feet, measured 
compaction of the deposits to a depth of 2,000 feet was 
equal to 98 percent of the measured subsidence.

In the Los Banos-Kettleman City area, the subsid­ 
ence per foot of artesian-head decline (specific sub­ 
sidence) and the subsidence per foot of artesian-head 
decline per foot of thickness of the aquifer system (spe­ 
cific compaction) were determined for the 1943-60 
period by W. B. Bull. In most of the area the specific 
subsidence has ranged between 2 X 10~2 and 8 X 10~2 
and specific compaction has been greater than 3 X 10~5 .

R. H. Meade (1-63) has analyzed compaction of the 
unconsolidated silty alluvium in the subsiding Los 
Banos-Kettleman City area. Regression equations 
that describe the average rate of reduction of pore 
space in response to increase of effective overburden 
loads from 10 to 70 kg per cm2 indicate that the rate of 
change of void ratio with effective overburden load in 
sandy and clayey silts is about   0.40 and in silty sands 
may be near   0.20.

Compaction recorders operated in the Arvin-Mari- 
copa area at the south end of the San Joaquin Valley, 
where the rate of subsidence accelerated in 1959-62,
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indicate that most, if not all, of the subsidence is caused 
by compaction of water-bearing deposits as the artesian 
head is reduced by pumping1 . At one site, measured 
compaction of the deposits to a depth of 810 feet is equal 
to three-quarters of the measured land subsidence; one 
quarter of the subsidence is attributed to compaction 
below this depth (Art. 47). Deep water wells in this 
area tap deposits to a depth of 1.500 feet.

Rate of subsidence increasing at south end of San 
Francisco Bay

In the Santa Clara Valley, Calif., the bench-mark net 
was partially releveled by the Coast and Geodetic Sur­ 
vey in February 1963. Analysis of results by J. F. 
Poland indicates that subsidence has accelerated 
greatly, compared with the rate from 1954 to 1960. This 
acceleration is greatest in the city of San Jose, where 
many bench marks have subsided more since autumn 
1960 than from 1954 to 1960, as a result of accelerated 
decline in artesian head. Bench mark P7 in San Jose 
subsided 1.67 feet from October 1960 to February 1963; 
total subsidence of this bench mark from 1912 to Febru­ 
ary 1963 has been 11.06 feet.

Measured compaction of water-bearing deposits to a 
depth of 1,000 feet (maximum depth of water wells) 
from October 1960 to February 1963 at sites in Sunny- 
vale and San Jose was about equal (within 5 percent) to 
the land subsidence for the same period as measured by 
releveling.

Utilizing results of consolidation and other physical 
tests on cores from rhe artesian aquifer system in the 
Santa Clara Valley, Calif., and records of change in 
artesian pressure since 1915, J. H. Green (1-62) has 
shown that, at one location, the compaction of the de­ 
posits computed from these data agrees closely with 
land subsidence as measured at surface bench marks. 
At a second location, computations indicate additional 
subsidence of 3 to 4 feet eventually, if artesian pressure 
remains at the 1960 level. Greeirs analysis of subsi­ 
dence during two periods of artesian-pressure decline 
in the Santa Clara Valley shows that during the initial 
decline of pressure the coefficient of storage at a site in 
San Jose was about 40 times as great as during a sub­ 
sequent pressure decline through the same depth range.

Several feet of subsidence reported at Las Vegas, Nev.

In the Las Vegas area, Nevada, recent protrusion of 
well casings suggests that several feet of subsidence has 
occurred since 1950, presumably associated with aquifer- 
system compaction. Up to that time, subsidence in Las 
Vegas had not exceeded 1 foot and in part represented 
regional subsidence due to loading by Lake Mead. 
Linear cracking of the land surface, which may be re­ 
lated to the subsidence, has ruptured pavements. Such

cracking has not occurred in areas subsiding due to 
aquifer-system compaction in the San Joaquin or Santa 
Clara Valleys in California, but has occurred in the 
subsiding Houston area, Texas.

Land subsidence and earth fissures in southern Arizona

Earth fissures at six sites in southern Arizona have 
been descibed by G. M. Robinson and D. E. Peterson 
(1-62). In part these are in or near areas irrigated 
with ground water; most are in valley alluvium, but 
at least one area of fissures is in semiconsolidated sedi­ 
mentary rocks (Black Canyon area north of Phoenix); 
the specific cause or causes of the fissures are not known. 
The same publication reports land subsidence of as 
much as 3.6 feet due to ground-water pumpage in the 
Eloy-Pichacho basin, about 50 miles northwest of 
Tucson.

More than a foot of subsidence reported at Denver, Colo.

Preliminary results of investigations in the Denver 
basin, Colorado, by G. H. Chase indicate that as much 
as l 1/^ feet of subsidence has occurred. Precise leveling 
by the Coast and Geodetic Survey at four times between 
1899 and 1956 defines subsidence of nearly 1 foot in an 
area with a radius of about 10 miles, centered at Denver. 
Within that area the artesian head has declined as much 
as 600 feet since 1890. The artesian aquifers of the 
Denver basin extend to depths as great as 2,500 feet and 
include three principal water-bearing zones: an upper 
zone of alluvial deposits, and two lower zones of es- 
tuarine and marine deposits of Late Cretaceous age.

Clay mineralogy similar in subsiding areas in Texas 
and California

The principal clay minerals in the upper 900 feet of 
sediments at Clear Lake, Tex., in the Houston-Galves- 
ton subsidence area, have been determined by J. B. 
Corliss and R. H. Meade. They are, in decreasing order 
of abundance, montmorillonite, illite, chlorite, and a 
kaolinite-type mineral. Montmorillonite makes up at 
least half the assemblage in all eight samples tested. 
The assemblage (with predominant montmorillonite) 
is similar to that found in the upper Cenozoic sediments 
that underlie the two major areas of land subsidence 
in the San Joaquin Valley, Calif.

An automatic liquid-level recording tiltmeter devel­ 
oped for measurement of micromovements of the land 
surface in subsidence investigations is described on 
page A183.

Differential subsidence in the Sacramento San Joaquin 
Delta

Comparison of topographic mapping of 1906-08 with 
that of 1952 in the peatlands of the Sacramento-San 
Joaquin Delta by G. H. Davis (Art. 101) shows that 
local relief of more than 15 feet has developed on for-
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merly level terrain. Relative subsidence of peat soil 
hrough surface wastage is the cause; soils of high

mineral content marking old channels and dunes stand 
)ut as ridges.

ARTIFICIAL RECHARGE

j Artificial recharge of aquifers is desirable in many 
areas subject to marked seasonal variations in the 
^upply and demand for water. The objectives of U.S. 
(theological Survey investigations in this field are to 
dsvaluate the potentialities and limitations of recharge 
by surface spreading and through wells.

! nake River basin

Artificial recharge of ground water in the Snake 
River Plain, Idaho, using surplus floodwaters is feasi­ 
ble, according to M. J. Mundorff and others.42 Studies 
^t sites located near the east end of the plain, a few miles 
West of Idaho Falls, and along the Milner-Gooding 
Canal, show conditions favorable for recharge to the 
underlying basalt by water spreading. Recharge effec­ 
tiveness is demonstrated by the recharge from irrigation, 
jipproxi mating 3^ million acre-feet a year, several times 
^hat available for artificial recharge. The downward 
nrend in the water table would not be reversed by the 
artificial recharge because of increasing demands for 
irrigation with ground water, The added recharge, 
however, would permit, pumpage of about twice the 
quantity added (assuming 50 percent consumptive use) 
without additional water-table decline.

Oregon and Washington

Don Price reports that as much as 17,000 acre-feet of
 vater is recharged artificially to ground-water bodies 
n Oregon and Washington by spreading in surface 
msins and by injection through wells. The principal 
Durposes of the artificial recharge are the conservation 
of the ground water or some property of it, such as heat 
^ontent, for later recovery, but correlative benefits are 
,he disposal of unwanted water. Few of the 23 known 
irtificial-recharge installations were operated without 
rouble in 1962. Major problems are related to sub­ 
surface injection through wells, especially injection of 
jxhaust water from air-conditioning systems, and in­ 
cluded (1) reduction of intake due to the introduction 
)f air bubbles, sediment, or nuisance bacteria with the
 echarge water, and (2) changes in natural ground- 
svater temperatures by injection of waters having much 
aigher or lower temperatures. The current problems 
relating to injection through wells could be improved 

(1) design of installations that would minimize the

^Mundorff, M. J., Crostliwaite, E. G., and Kilburn, Cliabot, 1963, 
Ground-water for irrigation in the Snake River basin in Idaho : U.S. 

eol. Survey Water Supply Paper 1654. [In press]

entrance of air into the system and keep in solution 
any air that is already dissolved in the recharge water; 
(2) treating the recharge water prior to injection to 
prevent growth of nuisance bacteria; (3) adequate 
spacing, or placement in hydraulically separate aqui­ 
fers, of wells used to inject water of widely different 
temperatures.

Injection of water through wells in permeable basalt

Artificial-recharge experiments by B. L. Foxworthy 
showed that water could be successfully injected 
through a well into a basalt aquifer, at The Dalles, Oreg. 
Recharge water tended to settle to the bottom of the 
highly permeable aquifer because it was much colder 
than the native ground water. About 81 million gal­ 
lons of water was injected during 4 periods of re­ 
charge ranging from 8 hours to more than 14 days. 
The recharge well was successfully redeveloped by in­ 
termittent pumping after injection was stopped.

Recharge through wells in the Grand Prairie, Ark., area

R. T. Sniegocki (1-63) reports that two differently 
constructed recharge wells were used to make 23 re­ 
charge tests in the Grand Prairie region, Arkansas, 
using surface water treated in various ways. Treated 
surface water was used in early tests, but in some of the 
later tests the degree of water treatment was reduced. 
Slightly more than 23 million gallons of water was re­ 
charged during the test series.

A prerequisite to successful recharge through a well 
at the test site was the availability of a supply of water 
of very low turbidity with few microorganisms. The 
major factor determining the total recharge cost was 
the cost of treating an injection supply to obtain wa­ 
ter with low turbidity and few microorganisms.

A coarse-grained media filter might be used to reduce 
water-treatment costs with some waters. However, the 
results of filtration tests at the recharge site were un­ 
satisfactory and apparently were caused by unknown 
filtration characteristics of the recharge supply.

EVAPORATION SUPPRESSION

One of the most promising possibilities for increasing 
water supplies in arid areas is by reducing evaporation 
losses from surface reservoirs. One means of achieving 
this is by greater use of ground-water storage, but ex­ 
citing new approaches are also being applied to existing 
surface reservoirs. Results of two current U.S. Geo­ 
logical Survey investigations are reported.

Polyethylene covers for small ponds

G. E. Koberg reports that the method of using plastic 
films on small stock ponds may be feasible. During a 
period of 11 months, 30 percent of the surface area of 
a 1-acre pond was covered by a 4-mil film of black poly-
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ethylene. Use of the film reduced evaporation 22 per­ 
cent and saved 1.4 acre-feet of water. The tempera­ 
ture of the water in the uncovered portion was the same 
as that of a nearby pond during the test period.

Evaporation greatly reduced by bubbler method of 
mixing water

An investigation by G. E. Koberg in collaboration 
with the Escondido Mutual Water Co. demonstrated 
the feasibility of reducing evaporation by mixing the 
cold and warm water in Lake Wohlford, Calif. Pre­ 
liminary results of this investigation indicate that the 
evaporation was reduced 15 percent for the period May 
through July 1962. The water was mixed by injecting 
210 cfm of free air at a point 40 feet below the surface 
of the lake. Mixing throughout the lake was most 
efficient when the difference in temperature between 
the cold and warm water was greatest. Air injection 
also raised the dissolved-oxygen content of the water 
of the lake and improved the taste and odor of the 
water.

FLOODS

Floods are among the most severe of natural disasters 
and each year claim many lives and cause untold dam­ 
age. The flood studies of the U.S. Geological Survey 
are not limited merely to gaging flood flows, but in­ 
clude interpretation'and reporting of the magnitude 
and extent of floods, appraisal of their frequency, and 
evaluation of the effects of storage and protection works.

Floods in the Kentucky River and Green River basin, 
February-March 1962

Extreme flooding occurred in several parts of Ken­ 
tucky in late February and early March 1962. During 
the period February 27 to March 2, new peak discharges 
or stages were established at one or more gaging sta­ 
tions in each major stream basin of the State. The 
hardest-hit areas included the mid and lower reaches 
of the Kentucky Kiver and tributaries, and the Green 
Kiver basin.

The Kentucky River at lock 10 near Winchester 
crested at 36.07 feet on March 1, exceeding the flood 
of 1913 by 1.0 feet. Three gaging stations in the basin 
of the Red River, a tributary of the Kentucky River 
above lock 10, reached new peak stages and discharges.

New peak discharges were established at 6 gaging 
stations in the Green River basin. The Munfordville 
station reached 76,800 cfs, gage height 57.72 feet, as 
compared with the previously known high of 67,000 
cfs, gage height of 54.0 feet, in 1913. At three points 
in the basin of the Barren River, a tributary of the 
Green River, peak flows were as much as 50 percent 
greater than those recorded in the past 24 years.

Cloudburst flooding at Boise, Idaho, August 1959

Interest in runoff from cloudburst floods was height­ 
ened by the surprisingly large peak discharges result­ 
ing from a thunderstorm which struck the foothills 
northeast of Boise, Idaho, on August 20, 1959, sending 
heavily debris laden flood waters into the city and over 
adjacent areas to the east. C. A. Thomas reports that 
peak-discharge rates ranged from 132 csm (cubic feet 
per second per square mile) from 12 square miles in 
Cottonwood Creek, the largest basin measured, to 5,380 
csm from 0.39 square mile, the smallest basin measured. 
Much of the watershed has been denuded by recent fires 
and presumably this was a factor in producing high 
runoff and erosion.

Of special interest was the drastic flattening of peaks 
as they moved downstream, with resultant decrease in 
the unit-discharge rate. For example, the Cottonwood 
Creek peak was only one-sixth the sum of the peaks of 
two tributaries upstream which have combined drain­ 
age areas less than one-third as large. Also of interest 
was the recurrence of damaging, though less severe, 
floods from the same areas twice within a little more 
than a month after the major flood.

Snowmelt flooding in California

A record-breaking drought in California ended 
abruptly on January 29, 1963, when rains of up to 20 
inches melted the snowpack and caused floods greater 
than ever recorded at some stations in the northern 
Sierra Nevada. Flooding extended into Nevada.

Evaluation of February 1962, floods in Idaho and Nevada

Floods of February 10-15, 1962 were the highest 
known on many streams in southern Idaho and north­ 
eastern Nevada according to C. A. Thomas and R. D. 
Lambke (1-62). Runoff was greatest from, water­ 
sheds at altitudes ranging from 4,500 to 6,500 feet, and 
peak discharges from small streams rank among the 
highest snowmelt runoff ever recorded in the area. 
Some of the indicated recurrence intervals exceed 100 
years. The floods resulted from an extended period of 
above-freezing temperatures and prolonged moderate 
rainfall, an extensive area of snow at low altitudes, and 
deeply frozen ground. An important factor in the 
flooding was the ice-sealed condition of the ground, 
which resulted in the unfamiliar sight of ponded or 
flowing water in areas of highly permeable lava.

Flood-frequency relations for Maryland streams

J. M. Darling has prepared a guide for developing 
flood-frequency curves for any stream in Maryland. 
Composite frequency curves were developed for three 
regions, expressing the relation of mean annual floods to



PROBLEMS IN ENGINEERING HYDROLOGY A69

floods having recurrence intervals from 1.1 to 50 years. 
Other curves indicate the magnitude of the mean annual 
flood (a flood having a recurrence interval of 2.33 years) 
for five hydrologic areas of the State. By combining 
the two types of curves, a flood-frequency relation may 
be developed for any site in the State, within the range 
of drainage areas delimited by the data.

Flood-frequency relations for Louisiana streams

V. B. Sauer has updated Cragwall's (1952) report on 
floods in Louisiana on the basis of an additional 10 years 
of record as well as records now available at many new 
gaging stations and at many crest-stage stations. The 
frequency relations are better defined than the initial 
study.

The State is divided into four flood-frequency 
regions. The magnitude of floods is determined as a 
ratio of the mean annual flood in the four defined 
regions. A significant increase of flood potential in the 
Calcasieu basin is defined by this report, as compared 
with the potential given in Cragwall's report. The 
mean annual flood is defined in relation to drainage area. 
Statistical tests were made using other natural definable 
parameters; however, none was found that significantly 
improved the relation defined by drainage area.

Flood-frequency relations for streams in eastern 
Washington

Crest-stage gage records were used by B. N. Aldridge 
and J. C. Blodgett to evaluate regional flood-frequency 
relations for the arid and arid-transition zones of east­ 
ern Washington. Records from these stations have 
been used in conjunction with those from recording sta­ 
tions to develop curves that show the discharge for any 
magnitude flood for drainage areas of less than 100 
square miles.

Thunderstorm floods were studied separately from 
those resulting from snowmelt. The snowmelt study 
shows that in the arid-transition zone where the native 
vegetation is grass, there is some flow each year and the 
discharge of any flood magnitude varies according to 
the 0.7 power of the drainage area. The same relation 
holds for drainage areas of all sizes as long as closed 
basins constitute only a minor portion of the drainage 
area. Data were not sufficient to define the relation of 
discharge to drainage area for the arid region where 
the native vegetation is sagebrush. Thunderstorms, al­ 
though common to the area, are rare on any particular 
stream. By using a station-year method, a curve was 
developed for determining frequencies of flood dis­ 
charges resulting from thunderstorms. This study 
utilized miscellaneous measurements as well as records 
from crest-stage gages.

Flood-frequency relations for streams in San Diego 
County, Calif.

Flood-frequency relations for the western slopes of 
San Diego County were estimated by L. E. Young and 
H. A. Ray, using drainage area and a basin-shape factor 
to prepare maps of areas that would be inundated by 
50- and 100-year floods.

Effects of storage on peak discharges in New Jersey

Flood peak discharge of New Jersey streams is 
significantly affected by storage in lakes, ponds, and 
swamps according to D. M. Thomas. Storage areas of 
20 percent of the total drainage area will reduce the 
peak discharge to one-fourth that of basins of equal 
drainage area but with only 2 percent lakes, ponds, and 
swamps.

Flooding at Chattanooga, Tenn.

Study of flood discharges and profiles along the lower 
10 miles of Chattanooga Creek at Chattanooga, Tenn., 
reported by A. M. F. Johnson and W. J. Randolph (1- 
62), shows that high stages of the Tennessee River are 
the predominant influence in flood profiles of most of 
the 10-mile reach. Headwater floods, however, should 
be considered in land-use planning throughout the 
whole reach, and are a major influence on flood heights 
in the upper third of the reach.

Effect of urbanization on floods in northern Virginia

Urbanization appears to have three primary effects 
on floodflow in Fairfax County, Va., according to D. G. 
Anderson: (1) reduced infiltration increases flood vol­ 
ume, (2) complete sewering of basins reduces lag time 
by as much as 85 percent, and (3) urbanization changes 
the flood-frequency distribution. The degree of effect 
decreases with increasing flood magnitude.

Flood hydrology of southwestern Mississippi and south­ 
eastern Louisiana

F. N. Hansen analyzed more than 900 flood hydro- 
graphs from 304 station years of record to determine 
rainfall-runoff relations and to develop unit hydro- 
graphs in southwestern Mississippi and southeastern 
Louisiana. Although the 60 inches of annual rainfall 
is nearly uniformly distributed during the year, about 
a quarter of the floods occurred in March, more than 
half from February to April, and less than a tenth in 
October. Direct runoff of more than 3 inches is not in­ 
frequent ; separate floods with 6 to 7 inches direct run­ 
off have been recorded.

Estimating flood magnitude in Kentucky streams

The magnitude of a flood of a selected frequency at 
most sites in Kentucky may be determined by methods 
outlined by J. A. McCabe (1-62). He used composite
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frequency curves for 2 flood regions and 2 main-stem 
streams and curves showing variation of mean annual 
flood with either drainage area or river miles for 6 hy- 
drologic areas and 5 main-stem streams.

Extending small-area flood records in Alabama

Using a graphical multiple regression of peak flow 
versus rainfall characteristics derived from 4 years of 
record for a 12-square-mile watershed (Jones Creek 
near Epes, Ala.), L. B. Peirce synthesized an array of 
annual floods from a 58-year record of storm rainfall. 
Areal rainfall characteristics in Alabama indicate that 
under favorable conditions the method can produce 
flood-frequency curves of practical use for many small 
watersheds in the State. Best results are for relatively 
impermeable and unretentive watersheds and for floods 
occurring in winter and spring.

Flood maps of urban areas

Flood-inundation maps showing the limits of past 
inundations, flood profiles, stage-frequency relations,

and descriptive text have been published as Hydrologic 
Investigations Atlases (HA) for the following areas 
during the current year: Warren, Ohio (HA-51) ; 
Youngstown, Ohio (HA-56); Tampa, Fla. (HA-66); 
Mount Clemens, Midi. (HA-59); Bayamon and 
Cataiio, P.R. (HA-77) ; Des Moines, Iowa (HA-53); 
Fremont, Calif. (HA-54); Atlantic City, N.J., and vi­ 
cinity (HA-65); Wichita, Kans. (HA-63) ; Arlington 
Heights, 111. (HA-67); and Elmhurst, 111. (HA-68).

Nationwide flood reports

A series of reports are in preparation to provide a 
basis for estimating the magnitude of floods of selected 
frequency at any site. The reports contain descriptions 
and lists of peak stages and discharges for all gaging 
stations that are not materially affected by storage or 
diversions, and that have 5 years or more of flood record. 
Publication will be in 19 parts corresponding to the 
drainage-basin subdivisions used by the Geological Sur­ 
vey. Six parts have been completed, and are awaiting 
printing.
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Much of the geologic and geophysical work of the 
U.S. Geological Survey consists of the mapping of spe­ 
cific areas, mostly for publication in quadrangle maps 
at scales of 1: 62,500 and 1: 24,000. Some of these stud­ 
ies are for the purpose of extending the detailed geologic 
knowledge in areas of known economic interest; some 
are to gain detailed knowledge at localities or areas for 
engineering planning or construction. Still other map­ 
ping studies are carried on with paleontology, sediment­ 
ary petrology, or some other specialized topic as the pri­ 
mary objective.

The systematic description and mapping of rock units 
to show local and regional relations likewise constitute 
a major scientific objective. Mapping the geology of 
the United States is a mandate of the Organic Act es­ 
tablishing the Geological Survey, and the completion 
of geologic maps for the country at scales that will ful­

fill foreseeable needs and uses is a long-range goal. A 
summary of recent results of this mapping, especially 
in the fields of stratigraphy, structural geology, and re­ 
gional geophysics, is discussed here according to subdi­ 
visions of the conterminous United States shown in 
figure 2.

MAPS OF LARGE REGIONS

Preparation of geologic maps of large regions or of 
national scope is one of the functions of the U.S. Geo­ 
logical Survey. The maps depend on data from map­ 
ping and topical studies by Geological Survey person­ 
nel, on published data, and on unpublished data gener­ 
ously provided by State geological surveys, private 
companies, and universities. Some maps of this type 
are prepared and published by the Geological Survey 
in collaboration with national and international scien­ 
tific organizations.

FIGUKE 2. Index map of the conterminous United States, showing boundaries of regions referred to on accompanying pages.
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Maps in preparation include:

1. Geologic map of North America, scale 1:5,000,000. 
This is being compiled by a committee of the 
Geological Society of America, E. N. Goddard, 
University of Michigan, chairman, and is to be 
published by the Geological Survey.

2. Basement map of North America from latitude 20°- 
60° N., scale, 1:5,000,000. This structure map of 
the basement is being compiled by the Basement 
Eock Map committee of the American Association 
of Petroleum Geologists, under the direction of P. 
T. Flawn, University of Texas, and is to be pub­ 
lished by the Geological Survey. A second phase 
of the work, the Basement Rock Map of the United 
States, is sponsored by the Advanced Research 
Projects Agency of the U.S. Department of De­ 
fense. Compilation is under the direction of W. 
R. Muehlberger, University of Texas. This second 
map will show the distribution of lithologic types 
of buried basement rocks. Under the direction of 
R. W. Bayley, the Geological Survey has started 
compilation of a companion map, scale 1:2,500,000, 
showing basement rocks that are exposed at the 
surface.

3. Absolute-gravity map of the United States, scale 
1:2,500,000. This map has been compiled by the 
American Geophysical Union, Committee for Geo­ 
physical and Geological Study of the Continents, 
G. P. Woolard, University of Wisconsin, chair­ 
man, and is being prepared for publication by the 
Survey.

4. Tectonic map of North America. This map is being 
compiled for the Subcommission for the Tectonic 
Map of the World, International Geological Con­ 
gress, under the direction of P. B. King of the 
Survey. Hand-colored manuscript copies of the 
preliminary version of this map were exhibited in 
Paris at the December 1962 meeting of the Inter­ 
national Commission for the Geologic Map of the 
World.

Paleotectonic maps

Facies distribution and other elements of ancient 
geography constitute the subject matter of important 
sections in the paleotectonic map series. The isopach 
and lithof acies maps illustrate the results of sedimenta­ 
tion during certain intervals of time; the environmental 
maps show the distribution of sedimentary facies and 
the relations of land to sea at particular moments in 
time. Also significant in the field of sedimentology are 
the recently devised interpretive maps, developed from 
the other more objective types, but portraying more 
fully such features of the structural framework as posi­

tive source areas and areas of sediment accumulation. 
These maps likewise summarize available data on direc­ 
tions of sediment transport.

The paleotectonic map program has been progressing 
steadily, with studies of the Permian System now com­ 
pleted and being processed for publication. Basic maps 
for the Pennsylvanian and Mississippian Systems are in 
different stages of compilation. In the synthesis of the 
Permian, notable contributions to sedimentology include
(1) a map showing salt distribution in the midcontinent 
region for each of the principal parts of the period,
(2) maps illustrating the type and maximum extent of 
chemical deposits for selected times during the Permian,
(3) maps portraying the relations between phosphate 
and chert, the configuration of land and sea, and the in­ 
ferred current directions at the time of accumulation.

Ancient lake deposits in the Western States

J. H. Feth has compiled a series of four maps showing 
the distribution of ancient lake deposits in the 11 co­ 
terminous Western States, one each showing pre-Ter- 
tiary deposits; Paleocene and Eocene deposits; Oligo- 
cene, Miocene, and Pliocene deposits; and  Pleistocene 
deposits. A table provides the name and age of the de­ 
posits and the principal literature references. An an­ 
notated bibliography summarizes the principal discus­ 
sions of the deposits shown on the maps, the economic 
products derived from the lake deposits, and the criteria 
by which the deposits can be identified in the field. A 
map showing Tertiary lake deposits has been published 
(Feth, 1-63).

Distribution of rock-salt deposits in the United! States

An outline map of the United States (scale 1:10,000,- 
000) showing the distribution of rock-salt deposits and 
mines in the conterminous United States is included as 
an index map by Pierce and Rich (1-62) in their report 
on rock-salt deposits as possible storage sites for radio­ 
active waste materials (p. A59). The ages of the rock- 
salt deposits range from Silurian to Pliocene (?).

COASTAL PLAINS

Growth of population and of industry on the Atlantic 
Coastal Plain, the Gulf Coastal Plain, and the Missis­ 
sippi Embayment has resulted in an increased use of 
geologic studies in solving engineering problems of ur­ 
ban and regional planning, such as the underground 
storage of gas. The rocks of the region are of especial 
interest for interpreting the geologic history of the con­ 
tinental shelf and the Gulf of Mexico. Moreover, on 
the coastal plain, the results of depositional and other 
geologic processes may be studied free from the effects 
of regional metamorphism or major structural defor­ 
mation.
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ATLANTIC COASTAL PLAIN

Stratigraphic studies in New York and New Jersey

Seventy-five species of Upper Cretaceous Foramini- 
fera recently collected from southern Suffolk County, 
Long Island, N.Y., will be described and illustrated in 
a report by N. M. Perlmutter and Euth Todd. The 
fossils occur in a greensand unit 200 feet thick, which 
is the uppermost part of a 1000-foot sequence of beds 
of Cretaceous age that were formerly assigned to the 
Magothy( ?) Formation. The authors believe that the 
greensand beds are correlative with the Monmouth 
Group of New Jersey, and they infer that the remain­ 
ing Cretaceous sequence below is correlative with the 
Matawan Group and the Magothy Formation, 
although further work is needed to differentiate the 
latter units.

Quaternary, Tertiary, and Cretaceous sediments 
totaling 3,798 feet and overlying 93 feet of biotite gneiss 
were penetrated by a testhole at Island Beach State 
Park in Ocean County, N.J. Details of the section 
penetrated are discussed on page A24 and in Article 
26.

In southern New Jersey, J. P. Owens has extended 
the Tertiary-Cretaceous boundary 70 miles along strike 
from Roosevelt to Woodstown, N.J., and has demon­ 
strated that from northeast to southwest, progressively 
older Cretaceous beds are in contact with the overlying 
Hornerstown Sand of Paleocene age.

A recent examination of a microfauna by J. F. Mello 
from the Escogyra ponderosa zone collected by J. P. 
Owens at Auburn, N.J., reaffirms L. W. Stephenson's 
(1942) Taylor age assignment based on macrofossils.

Stratigraphy and structure in North Carolina and Virginia

In northeastern North Carolina, marine sediments 
containing lower Cretaceous Ostracoda and Foramini- 
fera were penetrated in numerous wells; in most wells 
these sediments lie beneath sandy clay beds rich in 
siderite grains and above metamorphic basement rocks. 
The top of the marine zone ranges from 106 to 713 feet 
below land surface. The attitude of both the sideritic 
and the fossiliferous beds defines the western flank of a 
basin whose axis extends northeastward across the 
coastal plain in central North Carolina and adjacent 
southeastern Virginia. The eastern flank is indicated 
by other wells farther east that penetrate Cretaceous 
sections at depth, suggesting a flattening or slight re­ 
versal of dip. Dips within the basin are gentle but 
discernible and probably are related to structures in the 
continental shelf, according to P. M. Brown, J. E. 
Johnston, and H. K. Bergquist (1-63).

Evidence of volcanism in South Carolina

The youngest vestiges of igneous activity in South 
Carolina are thought by W. C. Overstreet and Henry 
Bell, 3d, to be beds of bentonite of Eocene and Miocene 
age in the Atlantic Coastal Plain in Orangeburg and 
Calhoun Counties. The bentonitic beds and the in­ 
cluded, sharply euhedral grains of zircon were first 
recognized by H. S. Johnson, Jr. The zircons are un­ 
like the common rounded detrital grains in the sedi­ 
mentary rocks of the Atlantic Coastal Plain. The 
shape and mode of occurrence of the euhedral zircon 
crystals suggests that they are of primary igneous 
origin, and probably are pyroclastic. Inasmuch as the 
Tertiary sedimentary rocks of the Atlantic Coastal 
Plain in South Carolina are not known to be intruded 
by dikes or volcanic vents, the source of the volcanic ash 
and euhedral zircon must be sought either in guyots off 
the present coast or in pipes and dikes inland from the 
northwestern margin of the coastal plain sediments. 
Statistical analysis of the distribution by size of the 
populations of euhedral zircon grains in the Tertiary 
bentonites might show the direction in which the sources 
of the ash lay.

The presence of a previously postulated mantle of 
saprolite overlying the buried crystalline rock at the 
Savannah River Plant in Aiken County, S.C., has been 
confirmed by a study of geophysical logs, lithologic sam­ 
ples, and analyses of water from the present series of 
test holes drilled within the plant site.43 One of the 
test holes near the Barnwell-Allendale County line 
struck a sequence of siltstone, sandstone, and conglom­ 
erate of Triassic age at a depth of 1,012 feet. Seven 
other test wells bottomed in metamorphic basement rock, 
a chlorite-hornblende schist. Triassic basins have been 
found farther to the northeast and possibly some are 
present to the southeast near the coast, but none were 
previously known to underlie this area of the coastal 
plain.

An entrained gas was discovered in water from 
a 1,900-foot test well penetrating the buried basement 
rock at the Savannah Eiver Plant. An analysis of the 
gas showed the following composition: 94 percent ni­ 
trogen, 5 percent helium, 1 percent argon, and negligible 
amounts of carbon dioxide and oxygen. Not only the 
occurrence, but also the comparatively high percentage 
of helium, is unusual for this geologic terrane. The 
presence of the gas is considered of little economic sig­ 
nificance because of the limited reservoir capacity of the 
basement complex.

43 Siple, G. E., 1962, Ground water investigations in South Carolina: 
South Carolina State Devel. Board, Div. Geology, Geol. Notes, v. 6, 
no. 2, March-April.
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GULF COASTAL PLAIN AND MISSISSIPPI 
EMBAYMENT

Stratigraphic studies

While conducting subsurface investigations of Cre­ 
taceous rocks in the eastern Gulf Coastal Plain, E. R. 
and P. L. Applin discovered a species of Foraminifera 
in southern Mississippi that provides a basis for differ­ 
entiating rocks previously designated by some geolo­ 
gists as "Washita-Fredericksburg undifferentiated." 
This discovery may assist subsurface geologists in trac­ 
ing the so-called deep Edwards trend, which is an im­ 
portant oil-producing zone in Texas, eastward into the 
eastern Gulf Coastal Plain.

As a study of Oligocene molluscan fauna of Missis­ 
sippi by F. S. MacNeil progresses, cumulative informa­ 
tion points more and more to an Oligocene age for the 
Vicksburg Group rather than the Miocene age recently 
proposed by a British worker. According to MacNeil, 
the Red Bluff Clay is a correlative of the Rupelian of 
Europe.

Evidence obtained from geologic studies by Monroe 
and others 44 of core samples from pre-Selma Cretace­ 
ous rocks in western Alabama shows that many of the 
strata accumulated in water of low salinity. A review 
of geologic events suggests that the Sequatchie River 
and the eastern segment of the Tennessee River once 
drained southwestward to the Gulf of Mexico approxi­ 
mately along the present courses of the Warrior and 
Cahaba River valleys, respectively, in Alabama.

Geohydrologic studies

In conjunction with the geohydrologic environmental 
study of the Sparta Sand (middle Eocene), J. Norman 
Payne reports that isopach maps of the Cane River, 
Sparta, and Cockfield Formations for central and 
northern Louisiana, southern Arkansas, and southern 
and central Mississippi indicate that the greater thick­ 
nesses of the Cane River and Cane River equivalents are 
in Lincoln, Drew, and Desha Counties, Ark., and Boli­ 
var, Sunflower, and Washington Counties, Miss. The 
greater thicknesses of the Sparta are in Madison and 
Tensas Parishes, La., and Warren and Claiborne Coun­ 
ties, Miss., and those of the Cockfield are in Vernon and 
Rapides Parishes, La. The isopach maps also indicate 
growth of various structural features, such as the Jack­ 
son dome and Desha basin, during Cane River and 
Sparta time. Sand-percentage maps of the Sparta and 
the Cockfield Formations for the study area show a 
channel-like development of areas of high sand per-

** Monroe, W. H., Bergenback, R. E., Sohl, N. F., Applin, E. R., 
Leopold, E. B., Pakiser, H. M., and Conant, L. C., 1963, Studies of pre- 
Selma Cretaceous core samples from the outcrop area of western 
Alabama: U.S. Geol. Survey Bull. 1160. [In press]

centage that has a general north-south lineation, and 
an overall pattern similar to the channel pattern of the 
present Mississippi delta.

Payne further reports that the degree of fresh-water 
saturation of the Sparta Sand shows remarkably good 
conformity with the sand-percentage map of the forma­ 
tion. This suggests that the lower the sand concentra­ 
tion the less perfect the interconnection of individual 
sand bodies and consequently the greater the retarda­ 
tion of the flushing action. The transmissibility on the 
other hand is related not only to the percentage concen­ 
tration of the sand font also to the unit thickness of the 
sand bodies. From a map of northern Louisiana show­ 
ing the maximum sand-unit thickness distribution and 
the estimated transmissibility of the Sparta, it seems 
that where sand-unit thicknesses are relatively large, 
80 to 100 feet or more, permeabilities can be expected 
to be reasonably high (over 400 meinzers). Sand per­ 
centage and maximum sand unit thickness maps may 
prove to be extremely useful as general exploration 
maps in the search for adequate ground-water supplies.

NEW ENGLAND AND EASTERN NEW YORK

Cooperative geologic-mapping programs are being 
carried on with the Commonwealth of Massachusetts 
(in part in conjunction with the U.S. Bureau of Public 
Roads) and with the States of Rhode Island and Con­ 
necticut. Geophysical and geochemical surveys, and 
field studies related to mineral deposits, are in progress 
in these States and in Maine, New Hampshire, and 
Vermont.

Geologic and geophysical studies in Maine

Richly fossiliferous tuffaceous mudstone, basalt con­ 
glomerate, and breccia near Ashland are being studied 
by R. B. Neuman (Art. 30). The principal fossils are 
Welsh-Baltic brachiopods of Caradocian (Middle Or- 
dovician) age. The strong European affinities of the 
faunas of these and other Ordovician volcanic rocks in 
Maine suggest volcanic islands as possible migration 
routes between Europe and North America.

Silurian coral faunules have recently been described 
from Maine by E. C. Stumm (1-62) and from Quebec 
by W. A. Oliver, Jr. (1-62, 3-62). According to 
Oliver the corals are a mixture of North American and 
Western European types and represent the first sug­ 
gestion of an extensive North American coral fauna 
like that of Gotland, Sweden. More recently, elements 
of this fauna have been collected from the Cobleskill 
Limestone in New York and from the lower part of the 
Keyser Limestone in West Virginia.

Twelve Silurian graptolite localities in the Houlton 
and Smyrna Mills quadrangles in southern Aroostook
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County, studied by W. B. N. Berry and Louis Pavlides, 
range from middle Llandovery through early Ludlow 
in age. Thus, all three epochs of the Silurian are rep­ 
resented in a relatively small area in northeastern 
Maine; this region may eventually yield a graptolite 
sequence for the United States.

The Kennebago Lake quadrangle is underlain by 
metamorphosed pre-Silurian eugeosynclinal rocks, met­ 
amorphosed Silurian and Devonian rocks that are in 
part fossiliferous, and at least four types of intrusive 
rocks, according to E. L. Boudette and D. S. Harwood. 
Fossils, minor sedimentary structures, and pillow 
structure provide keys to the structural and strati- 
graphic relations. The pre-Silurian rocks can be dif­ 
ferentiated into at least 5 lithologic units, and the 
Silurian and Devonian rocks into at least 4. Mafic and 
intermediate intrusive rocks form two relatively large 
plutons. Several serpentine bodies are associated with 
greenstone and closely related rocks. Disseminated 
copper sulfides have been identified in the field in meta- 
graywacke in the contact aureole of a quartz diorite 
body.

In the Rangeley quadrangle in Franklin County, 
western Maine, according to E. H. Moench, Silurian (?) 
strata of conglomeratic to pelitic composition, possibly 
more than 20,000 feet thick, are overlain to the southeast 
by an unknown thickness of Devonian (?) strata of 
dominantly pelitic composition. The so-called Rangeley 
Conglomerate of Smith, 1923, the lowest unit in this 
section, grades southeastward to sandstone. This and 
other possible f acies changes suggest that abundant 
sediments were derived from the Border Mountains 
anticlinorium, a short distance to the northwest. Tight 
folding along northeast-trending axes probably in part 
accompanied sedimentation, as some rocks show evi­ 
dence of being deformed before consolidation.

The major structural feature in the Stratton quad­ 
rangle in the upper Kennebec River basin, mapped by 
Andrew Griscom, is an east-trending anticline along 
whose axis pre-Silurian( ?) sandstone and sulfide-bear- 
ing shale are exposed. Above those rocks are a limy 
quartzite of Silurian age and a rhythmically bedded silt- 
stone of Devonian (?) age. The sedimentary rocks are 
extensively intruded and metamorphosed by Devonian 
plutons of quartz monzonite, diorite, and layered norite 
and gabbro.

A zone of lenticular iron-bearing manganese deposits 
that strikes into hornfels around felsic plutons in the 
Smyrna Mills quadrangle, Aroostook County, has been 
traced across the Houlton quadrangle by Louis Pavlides. 
Local magnetic highs associated with the hornfels au­ 
reoles probably are caused by magnetite formed by

thermal metamorphism of the iron-bearing manganese 
deposits.

Stream-sediment sampling by Louis Pavlides and F. 
C. Canney, in a terrane of folded Paleozoic rocks and 
felsic plutons in the Smyrna Mills quadrangle, reveals 
a weak zinc anomaly in 1 stream draining hornfels and 
a higher-than-background molybdenum content in 4 
streams that drain an area underlain by felsic rocks and 
hornfels. Variations in copper and molybdenum con­ 
tent with time at several localities are inversely related 
to variations of stream discharge.

F. C. Frischknecht and P. E. Pennell have found that 
highly metamorphosed sulfide-bearing rocks in the Phil­ 
lips and Rangeley quadrangles in Franklin County are 
good electromagnetic conductors. Although these 
rocks contain some carbon, their conductivity seems to 
be determined primarily by the sulfides, which occur in 
thin continuous sheets. Metamorphism is of lower 
grade in most other areas in northern Maine; conse­ 
quently, sulfide minerals are disseminated and have only 
a minor influence on conductivity of the rocks.

The regional northeast strike of geology in Maine is 
reflected by four major belts of magnetic anomalies that 
range in trend from N. 40° E. in the west to N. 65° E. 
along the coast, according to M. F. Kane. The anoma­ 
lies indicate the presence of two major belts of igneous 
rocks, one along the coast and the other in the north- 
central part of the State. One belt of sedimentary 
rocks lies between the igneous belts, and another occu­ 
pies the northwest part of the State. The coastal 
igneous belt consists of an inner zone of felsic, ap­ 
parently stratiform plutons, and an outer zone of mafic 
rocks. The close parallelism of the two zones with the 
coastline suggests that the position of the coast here is 
controlled by the presence of the igneous rocks.

Geophysical studies in New Hampshire

Very consistent directions of remanent magnetiza­ 
tion, both normal and reversed, have been observed by 
Andrew Griscom in the White Mountain Plutonic- 
Volcanic Series and similar intrusions in New Hamp­ 
shire and adjacent Maine.

Geologic and geophysical studies in Massachusetts

A small diapiric dome has been mapped by P. H. 
Osberg in the central part of the Plainfield quadrangle, 
in northwestern Massachusetts. The core of the dome 
consists of coarse feldspar-quartz-biotite gneiss simi­ 
lar to the Bethlehem Gneiss of New Hampshire. The 
gneiss has crosscutting relations to the surrounding 
metasedimentary rocks, and at some places contains 
ghostlike inclusions of amphibolite. The gneissic core 
and adjacent metasedimentary rocks have a cleavage 
that is nearly horizontal near the center of the dome and
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dipping steeply outward toward the margins. The 
cleavage is folded by "reverse" drags, as is the bedding 
in the adjacent rocks. Minor structures consistent with 
the Green Mountain-Berkshire anticlinorium are super­ 
imposed on the structures of the dome.

A. H. Chidester has mapped the bedrock geology of 
the Rowe quadrangle, just north of the Plainfield quad- 
range along the Vermont border, using stratigraphic 
units recognized in Vermont. The rocks show two 
stages and styles of folding. Several talc bodies found 
in the quadrangle are possibly of future economic 
value.

A principal objective of E-an Zen's continuing study 
of the Taconic sequence of western Massachusetts and 
adjacent Connecticut and New York is to determine the 
relations of the sequence to the underlying early Pale­ 
ozoic Stockbridge Limestone. The Stockbridge has 
been divided into 8 units, closely comparable with for­ 
mations in Vermont; the lower 3 units are dolomitic and 
the next 4 are more calcitic. The top unit is a thin- 
bedded dark-gray limestone that contains Middle Or- 
dovician fossils at a locality in the Pittsfield West quad­ 
rangle and grades upward into black schist, part of 
Dale's Berkshire Schist. The Stockbridge grades 
downward into the basal Paleozoic Cheshire Quartzite. 
This stratigraphy provides a basis for mapping the 
internal structure of the Stockbridge; preliminary re­ 
sults indicate the presence of large flat-lying folds and 
thrust faults as well as later, more readily recognizable 
high-angle faults. Mineral assemblages in the carbon­ 
ate rocks and the overlying schists show that the meta- 
morphic grade rises rapidly southeastward near the 
Massachusetts-Connecticut line, from chlorite zone to 
staurolite zone in about 15 miles. One of the major 
difficulties in the study of the Taconic rocks is the pro­ 
fusion of stratigraphic names, and therefore a compre­ 
hensive review of the definitions and synonymies of 
these names has been made.

Excellently preserved fossils have been found by N. P. 
Cuppels in glacial boulders in the Georgetown quad: 
rangle, north of Salem in northwestern Massachusetts. 
The fossiliferous boulders are of light-gray to light- 
green siltstone similar to that in outcrops of the New- 
bury Formation less than a mile north of the kame in 
which the boulders occur. The fossils have been iden­ 
tified by A. J. Boucot as a fauna equivalent to that of 
the Silurian Pembroke Formation of eastern Maine.

The oldest rocks exposed in the Blue Hills quad­ 
rangle south of Boston, mapped by N. E. Chute, are 
metamorphosed sediments and basic volcanic rocks that 
resemble the Marlboro Formation of Precambrian(?) 
age. These are intruded by Salem Gabbro-Diorite, 
Newburyport Quartz Diorite, Dedham Granodiorite,

and a granite. In the northern part of the quadrangle, 
f elsitic volcanic rocks similar to the Mattapan Volcanic 
Complex are intruded by the Blue Hill Granite Por­ 
phyry. The porphyry long known as rhombenpor- 
phyry grades into Sharon Syenite, but is intruded by 
both the Blue Hill Granite Porphyry and the Quincy 
Granite. These relations, together with data from the 
Norwood quadrangle just to the west, fix the age of 
the Sharon Syenite as younger than the Salem Gabbro- 
Diorite and older than the Blue Hill Granite Porphyry 
and Quincy Granite.

Surficial deposits in the lower Merrimack valley, 
mapped by J. E. Cotton, include glaciofluvial deposits 
at altitudes between 90 and 130 feet. The relations of 
these deposits to nearby marine clay at an altitude of 
80 feet, and to marine clay interstratified with sand and 
gravel at lower altitudes, are expected to provide im­ 
portant clues in interpreting the history of glacio­ 
fluvial and marine deposition following the retreat of 
the last ice sheet.

Evidence for two glacial lakes, Lake Sudbury and 
Lake Concord, has been recognized by Carl Koteff near 
Concord (Art. 96). Lake Sudbury, first outlined by 
J. W. Goldthwait in 1905, had several outlets, but only 
the Cherry Brook outlet affected the history of the lake 
in the Concord quadrangle. Deltas built from the ice 
front immediately south of Concord enclosed Lake Sud­ 
bury on the north, and further retreat of the ice formed 
Lake Concord north of these deltas. Lake Concord 
had two major stages, both controlled by outlets to the 
east in Lexington; the high stage is represented by 
deltas such as Revolutionary Ridge in Concord, and the 
low stage by deltas about 40-45 feet lower. The lake 
was drained when the retreating ice uncovered the 
Shawsheen valley. Postglacial tilt of the area was 
probably between 5 and 6 feet per mile.

Glauconite has been found by N. E. Chute in all the 
glacial and beach deposits in the Scituate and Duxbury 
quadrangles south of the village of Scituate. A re­ 
connaissance of southeastern Massachusetts shows that 
a small amount of glauconite is present in the glacial 
and beach deposits in eastern Plymouth County and on 
Cape Cod. Unconsolidated glauconitic sand and fine 
gravel, overridden and partly eroded by the last ice 
sheet, were the source of the glauconite. These deposits 
underlie the Marshfield Hills in the Scituate and Dux- 
bury quadrangles and probably underlie much of Cape 
Cod Bay. They appear to be remnants of coastal plain 
sediments that may range in age from Cretaceous to 
Pleistocene.

According to R. W. Bromery, aeromagnetic and 
ground magnetic data in the Greenfield area indicate 
that some of the Triassic basalt flows have directions of
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remanent magnetism different from those of other Tri- 
assic igneous rocks. Aeromagnetic and gravity data 
in the area of the Colrain dome indicate that the central 
part of the dome consists of a core of less dense, weakly 
magnetic rocks covered by more dense, more strongly 
[magnetic rocks. Magnetic and gravity data in eastern 
[Massachusetts and Cape Cod suggest the presence of a 
large linear mafic rock mass, generally parallel to the 
coast, and perhaps correlative with a similar occurrence 
reported from coastal Maine by M. F. Kane.

Geologic mapping in Rhode Island

G. E. Moore, Jr., has found that the Ponaganset 
Quartz Diorite Gneiss in the Clayville quadrangle, west 
tof Providence, contains diversely oriented inclusions of 
metasedimentary gneiss, and appears to have been in­ 
truded as a magma. It shows primary flow structure 
and two secondary cleavages, one pervasive and one 
restricted to shear zones.

A fine-grained, well-foliated biotite granite gneiss in 
the Ashaway quadrangle, in southwestern Rhode Island 
and Connecticut, formerly included in the Sterling 
Granite Gneiss of Emerson, is now recognized by T. 
Feininger as a distinct unit. This gneiss is believed to 
be a syntectonic magmatic rock, associated with 
Devonian(?) instrusive rocks to the east. The geo­ 
logic map indicates that the gneiss was forcibly intruded 
into older metamorphic rocks. Several outcrops expose 
a layer, believed to be a screen, that contains quartz- 
sillimanite nodules as much as 6 inches long.

Geologic mapping in Connecticut

A major thrust fault striking northward has been 
mapped by H. R. Dixon in the Plainfield and Danielson 
quadrangles in eastern Connecticut, separating the 
rocks of the lower part of the Putnam Gneiss from the 
underlying Sterling Granite Gneiss and Plainfield 
Quartzite of Perhac, 1958. The fault is characterized 
by dense mylonites and cataclastic augen gneisses, and 
cataclastic effects can be seen in a zone about half a mile 
wide on either side of the fault. Secondary, probably 
late effects in the fault zone include brecciation, loose 
fracturing, and quartz veining. The fault is possibly 
the northward extension of the Honey Hill fault of 
southern Connecticut, mapped by Goldsmith, Lundgren, 
and Snyder.

As a result of mapping in eastern Connecticut, H. R. 
Dixon has given group status to the Putnam Gneiss, 
and divided it into two formations. A formation of 
primary metasedimentary rocks overlies a formation of 
primarily metavolcanic rocks.

The Lebanon Granite covers more than four times 
the area formerly mapped, according to G. L. Snyder. 
Rather than being restricted to the Willimantic quad­

rangle in eastern Connecticut as previously thought, it 
extends south and east into the adjoining Colchester, 
Columbia, and Fitchville quadrangles. In the Willi­ 
mantic quadrangle the plagioclase of the intrusive 
varies zonally from 30 percent anorthite near the south­ 
ern margin of the quadrangle to 90 percent anorthite 
near the northern margin. Mappable central zones are 
richer in mafic minerals than the rocks away from the 
center.

Scintillometer traverses by H. E. Simpson in the 
New Britain quadrangle in central Connecticut have 
been found very useful in tracing faults. Especially in 
the east half of the quadrangle, glacial drift effectively 
conceals all significant faults. The scintillometer 
traverses reveal points of higher radioactivity that may 
be attributed to undetermined radioactive materials 
carried upward by ground water along the faults.

Twin recessional moraines of the Wisconsin Glacia- 
tion have been mapped by Richard Goldsmith across the 
Niantic quadrangle in southeastern Connecticut. These 
moraines are a quarter to half mile apart and are mostly 
between 200 and 300 feet wide. Patches of ablation till 
to the northeast in the Uncasville and New London 
quadrangles appear to be alined with these moraines. 
The Niantic moraines lie about 4 miles south of the 
similar Ledyard moraine,45 and about 8 miles north of 
the line of the Harbor Hill moraine of Long Island.

Geologic mapping in eastern New York

C. S. Denny has found that the Ingraham esker in 
the Rouses Point quadrangle near Chazy has a core of 
glacial drift overlain by fossiliferous deposits of the 
Champlain sea. The presence of deformed and oxi­ 
dized lake silt between drift and marine beds indicates 
that the esker was submerged under lake waters and 
then emerged for a brief interval prior to the incursion 
of the late Pleistocene Champlain sea.

APPALACHIAN REGION

Geologic mapping

Mapping by D. L. Southwick has indicated that the 
"gabbro" north and west of Aberdeen, Md., is a com­ 
plex of mafic rocks resulting from metamorphism of a 
gabbro body containing roof pendants of older dacitic 
or andesitic metavolcanic rocks.

D. W. Rankin has found that rocks of the Mount 
Rogers Volanic Group of southwestern Virginia extend 
much farther south into Ashe County, N.C., than was 
previously recognized. In this southern area, volcanic 
rocks are interbedded with sedimentary rocks that re­ 
semble the Grandfather Mountain Formation. This

45 Goldsmith, Richard, 1960, A post-Harbor Hill-Charlestown moraine 
in southeastern Connecticut: Am. Jour. Sci., v. 258, p. 740-743.
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mapping has also revealed the presence of magnetite- 
bearing basalt in western Grayson County, Va., where 
an aeromagnetic map recently published by the Vir­ 
ginia Division of Mineral Resources shows a large 
magnetic anomaly.

In Wise and Lee Counties, southwestern Virginia, 
detailed mapping by R. L. Miller and J. B. Roen demon­ 
strated that the supposed major Pigeon Creek fault of 
previous geologic maps is a sharp, right-angled flexure 
without displacement along most of an 11-mile exposure 
of the structure. Minor displacement of rocks near 
the flexure was observed at only one locality. A key 
unit, the Gladeville Sandstone, was traced across the 
flexure, resulting in revised correlations within the post- 
Lee Pennsylvanian sedimentary rocks in the area.

Geologic mapping in the Slate Belt of the North 
Carolina piedmont is continuing. In the Durham area, 
G. L. Bain has demonstrated the presence of a metavol­ 
canic sequence overlain by interbedded argillite, gray- 
wacke, and conglomerate, overlain by tuffs and tufface- 
ous sediments and intruded by younger plutonic masses 
ranging in composition from granite to gabbro.

Farther south in the Slate Belt, H. W. Sundelius 
(Art. 12) found accretionary lapilli in the pyroclastic 
siltstone, the first such occurrence reported from the 
eastern United States, which suggests subaerial deposi­ 
tion for these rocks.

In the Uwharrie Mountains of central North Caro­ 
lina, A. A. Stromquist discovered fossils that were 
determined by J. M. Schopf to be coalified algae, in a 
laminated argillite of the Slate Belt. Their age can­ 
not be determined, but they are early Paleozoic, possibly 
Ordovician.

Mapping related to hydrogeologic studies in Clay 
County, N.C., indicated that hornblende gneisses in that 
area are of two varieties, one of which is intrusive into 
the other.

Structural and1 tectonic studies

In Sussex County, N.J., and adjacent counties of 
New York, Julian Soren has determined that repeti­ 
tion of Silurian and Devonian formations on Shawan- 
gunk Mountain and in the Port Jervis trough may be 
due to northwest-dipping thrust faults. The contact 
between the Ordovician and Silurian rocks in this area 
may be a fault, and the outliers of Silurian and Devo­ 
nian rocks in the Green Pond syncline and Becraft 
Mountain may be remnants of a large-scale eastward 
overthrust.

H. H. Arndt and G. H. Wood, Jr., have mapped one 
of the most intensively faulted areas in the Pennsyl­ 
vania anthracite region, south of the Broad Mountain 
anticlinorium. They conclude that the faulting may 
represent a late east-to-west compressive phase of the

Appalachian Revolution which was superimposed on 
an earlier southeast-to-northwest phase.

Facies differences of Devonian rocks in the Southern 
Anthracite field lead G. H. Wood, Jr., T. M. Kehn, and 
J. P. Trexler to conclude that movement on the Sweet 
Arrow fault is at least 3 to 4 miles, and may be as 
much as 10 miles or more. Farther east, in the Strouds- 
burg and Saylorsburg quadrangles, Pennsylvania, A. 
A. Drake, Jr., and J. B. Epstein interpret the juxta­ 
position of a carbonate and a quartzose facies of De­ 
vonian rocks to be the result of a major fault that lies 
on the projected trend of the Sweet Arrow fault.

From detailed stratigraphic measurements of the 
Rome and Conasauga Formations of Claiborne and 
Hancock Counties, Tenn., L. D. Harris concludes that 
the Clinchport fault overrides the Hunter Valley fault 
instead of merging with it, as was previously inter­ 
preted. The Clinchport fault also appears to over­ 
ride the Wallen Valley fault, farther to the southwest, 
and thus must be considered one of the major over- 
thrusts of the region.

Stratigraphic studies

C. L. Dodson (1-63) has found that, in southwestern 
North Carolina, the contact between the Great Smoky 
Group (Precambrian) and the rocks of the Murphy 
marble belt is gradational, and that lithologies com­ 
monly interfinger.

Fossils collected from the Murray Shale of Early 
Cambrian age on Chilhowee Mountain, Blount County, 
Tenn., by R. A. Laurence (1-63), have been identified 
by A. R. Palmer as ostracodes, Indiana tennesseensis. 
This confirms the existence of a long-lost locality origi­ 
nally discovered in 1889 by C. D. Walcott.

Geophysical studies
An aeroradioactivity survey of an 8,000-square-mile 

area near Washington, D.C., including parts of the At­ 
lantic Coastal Plain, Piedmont, Blue Ridge, and Valley 
and Ridge physiographic provinces, shows a close cor­ 
relation between radioactivity and areal geology. Ra­ 
dioactivity units for each province have characteristic 
values and have a linear pattern parallel to the north- 
northeast geologic grain of the region. Radioactivity 
levels of the Atlantic Coastal Plain are generally low, 
except in areas of glauconitic beds, or near the inner 
edge where detrital materials from the Piedmont are 
present. In the Piedmont and Blue Ridge, radioactiv­ 
ity is lowest over quartzose sedimentary rocks and high­ 
est over areas of granite and gneiss. In the Valley and 
Ridge provinces, it is highest over shale areas and low­ 
est over the carbonate rocks.

A 700-square-mile aeromagnetic survey centered on 
Harford County, Md., was completed in cooperation
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with the State of Maryland. The work is in support of 
geologic mapping being done by D. L. Southwick. 
Twenty-six new Geophysical Investigations aeromag- 
netic maps have recently been published for the Pied­ 
mont province, fourteen of which (GP 337-350) extend 
magnetic coverage in the highlands of New York and 
New Jersey. Four maps (GP 386-389) are for areas in 
northwestern Virginia, and six (GP 394-399) cover 
areas mostly in Maryland, near Washington, D.C.

J. S. Watkins concludes from the absence of recog­ 
nizable gravity and magnetic anomalies in the areas 
projected downdip from outcropping thrust faults in 
the Valley and Eidge province of east Tennessee, that 
the faults do not penetrate the basement. They either 
die out within the sedimentary section or they extend 
horizontally southeastward beneath the great over- 
thrusts of the Blue Ridge province.

Further work by R. B. Bates and Henry Bell, III, in 
the Concord area, North Carolina, has modified earlier 
conclusions from mapping and airborne geophysical 
work.46 For example, 4 areas previously mapped as 
granite, undivided, contain 2 distinctly different types 
of rocks, one of which is represented by high radio­ 
activity levels and closed magnetic lows. High-ampli­ 
tude magnetic anomalies are centered over the contact 
of gabbro with syenite bodies that form a ring dike. 
The anomalies suggest concentrations of magnetite 
within the gabbro at the contact. Similar anomalies 
which wrap around the southern end of the western 
syenite body indicate that the gabbro may extend 
farther along the western side of the syenite than has 
been recognized in the field.

EASTERN PLATEAUS

Geologic studies in western New York

Continued stratigraphic studies of Upper Devonian 
rocks have enabled Wallace de Witt, Jr., to trace several 
key black shale members of the West Falls and Sonyea 
Formations eastward to the vicinity of Elmira, N.Y., 
where the black shale grades into other types of rock, 
thus delineating the eastward limit of deposition of 
black shale in the two formations. During the course 
of this work, conodonts were found in the Ehinestreet 
Shale Member of the West Falls Formation about 7 
miles north of Elmira, the easternmost known occur­ 
rence of conodonts in this member.

48 Bell, Henry, III, 1960, A synthesis of geologic work in the Concord 
area, North Carolina: Art. 84 in U.S. Geol. Survey Prof. Paper 424-B, 
p. B189-B191.

Johnson, R. W., and Bates, R. G., 1960, Aeromagnetic and aeroradio- 
activity survey of the Concord quadrangle, North Carolina: Art. 85 in 
U.S. Geol. Survey Prof. Paper 424-B, p. B192-B195.

Geologic studies in Pennsylvania

A key conglomerate bed has been used by G. W. 
Colton in the Cedar Run quadrangle, Tioga and Ly- 
coming Counties, north-central Pennsylvania, to delin­ 
eate the surface structure and to show the stratigraphic 
relation between rocks of Late Devonian and Early 
Mississippian age. Comparison of many measured sec­ 
tions suggests that this thin conglomerate is for the 
most part continuous over a minimum area of 580 square 
miles in parts of Cameron, Clinton, Elk, Potter, and 
Tioga Counties. The full extent of the conglomerate 
has not been determined. The Pennsylvania Geologic 
and Topographic Survey has assigned a Mississippian 
age to this bed, but a fragmentary suite of marine fos­ 
sils suggests a Devonian age. The top of this easily 
traced bed has been used to mark the Devonian-Missis- 
sippian boundary in the Cedar Bun quadrangle.

Coal balls from the Middle Kittanning coal bed, Bea­ 
ver County, the easternmost known locality in the 
United States, have been described by J. M. Schopf. 
These coal balls are calcareous and contain abundant 
well-preserved fossil plant material, including Lycopsid 
periderm, stigmarian axes and roots, fern sporangia, 
and sigillarian megaspores. Calcareous coal balls are 
known only from coal beds that directly underlie rocks 
of marine origin, and are of possible value in correlating 
coal beds from one region to another. The most prolific 
source of calcareous coal balls in the Eastern Interior 
region is the Herrin (No. 6) coal, which Wanless,47 using 
other criteria, has tentatively correlated with the Middle 
Kittanning coal bed of the Appalachian region.

In Washington County, Pa., H. L. Berryhill, Jr., has 
shown that the upper limestone member of the Wash­ 
ington Formation (Lower Permian) consists of two 
limestone sequences separated by siltstone and sand­ 
stone both to the south and to the west of the type area 
at Washington, where the member is a single sequence 
of limestone beds 30 feet thick. The siltstone-sandstone 
wedge between the two limestone sequences thickens 
to the south and to the west. The bifurcation of the 
upper limestone member away from the type area is of 
regional stratigraphic significance, for the "Upper 
Washington Limestone" of Ohio, thought by previous 
workers to be a correlative of the "Upper Washington 
Limestone" of Pennsylvania, is probably the lower 
tongue of the upper limestone member; and the "Jolly- 
town Limestone" of Greene and Washington Counties, 
Pa., thought by previous workers to be a separate 
stratigraphic unit, is the lower tongue of the upper 
limestone member.

47 Wanless, H. R., 1957, Geology and mineral resources of the Beards- 
town, Glasford, Havana, and Vermont quadrangles: Illinois Geol. 
Survey Bull. 82, p. 111.
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Geologic studies in Kentucky

A major undertaking to provide complete detailed 
geologic map coverage for the State of Kentucky was 
begun in the fall of 1960, in cooperation with the Ken­ 
tucky Geological Survey. The maps are being pub­ 
lished as 7^-minute quadrangles (scale 1:24,000) in 
the Geologic Quadrangle Map series. As of June 30, 
1963, 40 quadrangles have been published, 78 are in 
press, 53 are completed and in review, and 85 are cur­ 
rently being mapped. Quadrangles published during 
fiscal year 1963 are given in the List of Publications 
(see Kentucky, geologic maps, in the Index to Publica­ 
tions, p. A241).

In southeastern Kentucky, geologic mapping by K. 
J. Englund and J. B. Eoen (3-63) has shown that the 
Middlesboro basin, about 4 miles in diameter, is under­ 
lain by intensely deformed Pennsylvanian rocks that 
are faulted and folded concentrically around an up­ 
lifted core. Deformation is most intense at the center of 
the basin where previously unrecognized rocks of the 
basal Pennsylvanian Lee Formation have been uplifted 
about 900 feet. Quartz grains and pebbles in these rocks 
are highly shattered. Development of this structure 
is interpreted as resulting from meteor impact.

Continued studies by K. J. Englund and A. O. De- 
laney of the stratigraphic relations of the Upper Mis- 
sissippian Pennington Formation and the lower Penn­ 
sylvanian Lee Formation show that the two intertongue 
in the Jellico area of Kentucky and Tennessee. The 
area of intertonguing, previously recognized in the 
Cumberland Mountain area, is thus extended to the Pine 
Mountain outcrop belt.

Gypsum and anhydrite were penetrated in the lower 
part of the St. Louis Limestone by two core holes 
drilled along the east flank of the Western Kentucky 
coal basin. Bedded evaporites, except in small amounts, 
are not known to crop out in western Kentucky, al­ 
though gypsum is mined extensively in Indiana at 
depths greater than 350 feet. The concentration of 
gypsum and anhydrite is 35 percent in the interval from 
336 to 390 feet in the well east of Guston in Meade 
County, and 28 percent in the interval from 460 to 509 
feet in the well southeast of Summit in Hardin County. 
The evaporites are in beds 1 foot or more thick, and the 
estimated ratio of gypsum to anhydrite is 5 to 1.

Geologic studies in Tennessee

Continued geologic mapping in the southwestern part 
of the Highland Eim Plateau by M. V. Marcher has 
shown that the Fort Payne Chert consists of a lower 
siltstone facies and an upper chert facies. Although 
the Fort Payne maintains a fairly uniform thickness of 
about 250 feet, the individual facies thicken and thin 
abruptly and without apparent pattern. In Wayne and

Lawrence Counties the lower part of the Fort Payne 
locally contains as much as 100 feet of coarse-grained 
silty cherty crinoidal limestone. Farther north, in 
Hickman County, similar limestone is near the top of 
the formation; still farther north, in Dickinson County, 
limestone is near both the top and base of the formation. 
Locally these limestones are quarried for use in agri­ 
culture and construction. Solution channels along 
bedding planes commonly feed small springs and, at a 
few localities, have been tapped by water wells.

Quaternary geology of the Ohio River valley

New evidence obtained by C. W. Carlston (1-62) on 
the bedrock longitudinal profile and bedrock width of 
the upper Ohio Kiver valley suports the theory that the 
uppermost part of the Ohio Eiver once flowed north­ 
ward and was later diverted to its present course and 
direction of flow. From Pittsburgh Pa., to mile 114 be­ 
low Pittsburgh the width of the Ohio Eiver valley pro­ 
gressively decreases, while below mile 114 the valley 
width progressively increases. The bedrock profile 
shows a well-defined prominence at mile 114. These 
features suggest that mile 114 was the location of a 
divide that separated north- and south-flowing drainage 
systems. The Illinoian glacial advance into north­ 
western Pennsylvanian dammed the north-flowing 
drainage, and diverted it to its present course southward 
along the Ohio Eiver valley. The valley was deepened 
and broadened during the Sangamon Interglaciation 
and was filled with fluvioglacial deposits during Wis­ 
consin Glaciation. These deposits are the sources of 
large quantities of ground water that are used extensive­ 
ly by industries along the Ohio Eiver valley.

Continued geomorphologic studies of the lower Ohio 
Eiver valley by L. L. Eay have yielded new data about 
the various stages of Quaternary alluviation. The 
sequence of events controlling the alluviation of the 
unglaciated lower Ohio Eiver valley during the several 
glacial and interglacial stages is summarized in Article 
33.

Eeconnaissance studies by L. L. Eay at the well- 
known vertebrate fossil locality of Big Bone Lick, Ky., 
adjacent to the Ohio Eiver valley, indicate 3 periods of 
valley alluviation now represented by remnants of 3 
terrace levels above the present flood plain of Big Bone 
Creek. The oldest and highest terrace is of Wisconsin 
(Tazewell) age, some 18,000-19,000 years ago. Prelim­ 
inary work suggests that each of the three terraces may 
contain a distinctive vertebrate fauna.

As a result of studies of weathering profiles in loess 
deposits of the lower Ohio Eiver valley, L. L. Eay (1- 
63) has found that silt-clay ratios for each zone within 
the Peorian Loess are uniform over the region, and are 
distinct from those of the underlying Farmdale Loess,
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thus providing a basis for regional correlation and for 
evaluating the postdepositional history of the deposits.

SHIELD AREA AND UPPER MISSISSIPPI VALLEY 
Geologic and geophysical studies in Iowa

Lower Silurian rocks disconf ormably overlie and are 
lithologically similar to Maquoketa Shale of Late Or- 
dovician age in and near Dubuque County, Iowa. J. W. 
Whitlow and C. E. Brown (Art. 62) report that this 
transitional contact can be recognized by a thin per­ 
sistent basal conglomerate in the Silurian rocks and, 
locally, by rare erosional remnants of the iron-rich 
Neda Member of the Maquoketa Shale.

J. R. Henderson, W. S. White, and Isidore Zietz 
(3-63) have completed a preliminary geologic inter­ 
pretation of the northern part of a 15,000-square-mile 
central Iowa aeromagnetic survey. Principal features 
on the aeromagnetic map were used to prepare a pro­ 
visional geologic map showing the distribution of Pre- 
cambrian rocks beneath a Paleozoic cover. The authors' 
findings are in general agreement with results from 
other geophysical investigations in Minnesota, Wiscon­ 
sin, and Michigan along the "midcontinent gravity 
anomaly" which extends for 800 miles southwest from 
Lake Superior. The gravity high correlates with an 
intense magnetic high. Both features are apparently 
caused by a geosyncline filled with a section of lavas of 
Keweenawan age several miles thick, similar to the 
copper-bearing lavas found farther north, on the 
Keweenaw Peninsula of Michigan. The lava belt, 
which is about 15 miles wide at the Iowa-Minnesota 
border, becomes progressively wider farther south. At 
the latitude of Fort Dodge, Iowa, the belt is about 50 
miles wide. Locally deep troughs of younger sand­ 
stones flank the lavas. The shallow core of the dis­ 
turbed area at Manson, believed by some writers to be 
a cryptovolcano, is shown to be larger than previously 
reported.

Geologic and geophysical studies in Minnesota

Surficial geology of a 4,400-square-mile area in Min­ 
nesota that includes the Mesabi and Vermilion iron 
ranges has been mapped by R. D. Cotter, H. L. Young, 
and T. C. Winter. The distribution of four tills of late 
Wisconsin age, of their associated stratified drift, and 
of unclassified discontinuous glacial debris over bed­ 
rock is outlined. End moraines, outwash plains, ice- 
contact areas, drumlinoid ridges, and altitudes and 
boundaries of glacial lakes are shown. Studies of open- 
pit exposures and test-hole logs have led to the tentative 
correlation of the four tills, and also of an older till in 
the subsurface.

The relation of magnetic anomalies in northern 
Minnesota to known geologic sources has been studied

by G. D. Bath. He divides the anomaly-producing 
rocks into three main groups that provide for limiting 
possible sources of the anomalies in drift-covered areas 
where geologic interpretation must be inferred from a 
few widely spaced water wells. In northeastern Minne­ 
sota, strongly magnetized rocks with dominant rema- 
nent magnetization are iron-formations of early and 
middle Precambrian age, and diabase, basalt, and gab- 
bro of Keweenawan age; moderately magnetized rocks 
with dominant induced magnetization are igneous in- 
trusives of intermediate composition; and weakly mag­ 
netized rocks are batholiths of granitic composition 
that are of pre-Keweenawan age. Iron-formations of 
early Precambrian age appear to be the source of many 
of the strong anomalies found in the north-central and 
northwestern parts of the State.

Geologic and geophysical studies in Michigan

Several westward-trending faults between Palmer 
and the eastern part of Negaunee, Mich., have been 
found by J. E. Gair. The faults are indicated mainly 
by displacements of the contacts between the Siamo 
Slate and an extensive metadiabase sill, between the 
Siamo Slate and the Negaunee Iron-Formation, and be­ 
tween the Ajibik Quartzite and the Wewe Slate.

A magnetic map based on an aeromagnetic survey of 
part of Marquette County, Mich., is interpreted by J. E. 
Case and J. E. Gair as characterized by four main types 
of anomalies. Prominent relatively continuous anom­ 
alies of as much as 20,000 gammas are caused by iron- 
bearing formations which are magnetic. Discontinu­ 
ous anomalies of as much as 5,000 gammas are caused by 
serpentinized peridotites and mafic intrusives. Promi­ 
nent westward-trending anomalies of low values are 
over negatively polarized diabase dikes of Keweenawan 
age. Discontinuous anomalies of high and low values 
of small range are characteristic of areas underlain by a 
complex of granitoid gneiss, volcanic greenstone, ser­ 
pentinized peridotite, and metagabbro or metadiabase. 
The magnetic map and an interpretation of the map, 
especially in reference to known and inferred iron-for­ 
mations, are in preparation for publication.

Geologic studies in Wisconsin

In geologic investigations in the Florence area, Wis­ 
consin, C. E. Dutton found that in the southern part 
of the area, metabasalt of early Precambrian age and 
sill-like masses of metagabbro of late middle Precam­ 
brian age are in an andesine-amphibolite f acies of meta- 
morphism. The distribution of differences in composi­ 
tion of plagioclases suggests a probable aureole relation 
to a younger granite. An oligoclase-amphibolite f acies 
of westerly trend in the adjacent area to the east does 
not extend into the project area but turns northward
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and is truncated by a major northwestward-trending 
fault at the north limit of the metabasalt and associated 
metaf elsic volcanic rock.

INTERIOR HIGHLANDS AND EASTERN PLAINS

The Crooked Creek and Decaturville, Mo., crypto- 
explosion structures show a complete development of 
geology and mineral deposits in several stages. They 
are alined on major faults or at the intersections of ma­ 
jor regional structures, and they have shattercones 
pointing in many directions. Thor Kiilsgaard, M. R. 
Brock, and A. V. Heyl (1-63) have found that these 
relations are incompatible with a simple-impact hy­ 
pothesis. Other circular structures show none of these 
features and may be impact structures.

In the Lesterville quadrangle of southeast Missouri, 
Thor Kiilsgaard finds that the transgressive facies of 
"White dolomite," reported by him in 1962, is more ex­ 
tensive than had previously been believed. This facies 
is related to the Precambrian subsurface and covers 
large areas in the region south of the St. Francis Moun­ 
tains. The facies extends from the Bonneterre Dolomite 
into the Eminence Dolomite, both of Late Cambrian 
age, and is extensive both laterally and vertically.

Mapping in the Bakers Crossing quadrangle, Texas, 
by Val L. Freeman has provided detailed information 
on the structure of two en-echelon areas, each trending 
east-west and each about a mile wide and 4 miles long, 
where solution of limestone at depth has caused subsid­ 
ence at the surface. Subsidence of the surface rocks 
has been accomplished both by faulting and downwarp- 
ing. Solution of the underlying limestones was prob­ 
ably localized along zones of joints that may represent 
an incipient fault. No through-going fault is present, 
although the zones are alined with a fault that is several 
miles to the east.

NORTHERN ROCKY MOUNTAINS AND PLAINS

Geologic studies in northeastern Washington

Tertiary volcanic and sedimentary rocks that occur 
in a large graben in the Republic and Aeneas quad­ 
rangles, Ferry County, Wash., have been subdivided by 
Siegfried Muessig (1-62) into four new formations: 
the tuffaceous O'Brien Creek Formation of Eocene(?) 
age, the next younger Eocene (?) Sun Foil Volcanics, 
the intrusive Scatter Creek Rhyodacite of Eocene or 
Oligocene age, and the volcanic Klondike Mountain 
Formation of Oligocene age.

North of the Aeneas quadrangle, in the Bodie Moun­ 
tain quadrangle, R. C. Pearson has found deposits of 
coarse breccia in the lower part of the Klondike Moun­ 
tain Formation. These deposits contain discrete blocks 
as much as several thousand feet long that are similar

in lithology, and probably in mode of emplacement, to 
slabs as much as 2 miles long that lie a short distance 
to the east. Both the breccia deposits and the large 
slabs probably were derived from the east side of the 
Republic graben, about 10 miles east of their present 
position, by dislodgment during movement along the 
bounding graben fault.

The structural trends of older metamorphic and igne­ 
ous rocks in the Spokane area are in a north-northeast 
direction, but those in the Columbia River Basalt are 
west-northwest, according to A. B. Griggs. A north­ 
west-trending zone of quartz latite dikes, probably 
equivalent to the Gerome Andesite of Oligocene age, 
cuts the older metamorphic and igneous rocks in the 
Wilmont Creek quadrangle northwest of Spokane, ac­ 
cording to George E. Becraft. The zone may represent 
a northward extension of the Spokane River valley- 
Enterprise valley fault system of the Turtle Lake quad­ 
rangle. If this is the casea it is the first known north­ 
west-trending structure of such magnitude in this area.

Geologic studies in northern Idaho and western Montana

Facies studies and new correlations of Belt rocks be­ 
tween Clark Fork, Idaho, and Superior, Mont., indicate 
that the trough of deposition shifted significantly at 
the beginning of Missoula Group (Belt Series) time. 
J.E. Harrison and A. B. Campbell report that the trend 
of the trough of deposition of pre-Missoula Group rocks 
was northwest, through Missoula and Libby, Mont., 
whereas the trend of the Missoula Group trough was 
northeast, about at right angles to the older trough, 
and was centered near Missoula. Overlap and removal 
of rock-stratigraphic units toward Clark Fork, Idaho, 
suggest that the source area for at least part of the Mis­ 
soula Group was to the northwest of Clark Fork.

The Flathead (?) Sandstone of Middle Cambrian age 
rests unconformably on the Belt rocks of Precambrian 
age over a wide area in the western part of the Lewis and 
Clark Range, near the headwaters of the Sun River, 
Montana. According to M. R. Mudge the amount of 
erosion of Precambrian rocks prior to Cambrian deposi­ 
tion differed considerably from place to place. The 
thickest stratigraphic section of Belt rocks in this area 
is exposed in the southwestern corner of the Pretty 
Prairie quadrangle in northwestern Lewis and Clark 
County. About 7 miles farther south, the Flathead (?) 
Sandstone rests on Belt that is about 3,000 feet lower 
stra'tigraphically. To the north, however, the uncon­ 
formity cuts no lower than 300 feet stratigraphically 
below the top of the thickest section.

In the Wolf Creek area, Montana, R. G. Schmidt has 
studied a segment of the Eldorado overthrust that 
brings rocks of the Belt Series of late Precambrian age 
northeastward over volcanic rocks of the Two Medicine
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Formation of Late Cretaceous age. Although the evi­ 
dence is not entirely conclusive, it appears that major 
faults in this area developed first in the east and then 
progressively farther west, culminating in movement 
along the Eldorado overthrust.

In the Highland Mountains, south of Butte, M. R. 
Klepper and H. W. Smedes have mapped a thick east- 
trending sequence of thermally metamorphosed Belt 
strata. Five stratigraphic units have been mapped; 
each has maximum thickness in the central part of the 
mountains and rather abruptly wedges out or thins to 
the east and west. Three of the units also show marked 
changes in facies to the east and west. The greatest 
aggregate thickness is about 15,000 feet.

A major structural lineament trending N. 25° E. 
was recognized by H. W. Smedes in the Butte North 
quadrangle, northwest of Butte. It appears to be a 
zone of faulting which controlled emplacement of part 
of the Boulder batholith in Late Cretaceous or early 
Tertiary time, and which was rejuvenated during the 
deposition of the Lowland Creek Volcanics in late 
Oligocene time, and again during Quaternary time. 
The great importance of faults in localizing the em­ 
placement of the batholith was further demonstrated 
by M. R. Klepper and R. I. Tilling. They have shown 
that in the Twin Bridges quadrangle many of the con­ 
tacts between different plutons of the batholith and be­ 
tween batholithic and older rocks follow major pre- 
batholithic faults of northwest, north, and northeast 
trend.

Tertiary rocks in the Anaconda 3 NW quadrangle can 
be divided into a volcanic sequence of Oligocene age 
correlated with the Lowland Creek Volcanics, an over­ 
lying conglomerate of probable Miocene age, and on- 
lapping gravel deposits of Pliocene age, according to 
A. A. Wanek and C. S. Barclay. The structural rela­ 
tions of these units indicate that the major period of 
deformation in Late Cretaceous or early Tertiary time 
was followed by lesser periods of deformation during 
late Oligocene, Miocene, and Pliocene time.

A rodent jaw found by Laura McGrew in the coarse 
tuffaceous Tertiary beds of the northeasternmost Three 
Forks Basin, Montana, has been identified as Eumys 
sp. of Oligocene age by G. E. Lewis. These beds 
formerly were correlated with the Miocene and Pliocene 
of the western part of the basin on the basis of 
lithology.

A study of gravity data in the eastern part of the 
Three Forks Basin by W. E. Davis and W. T. Kino- 
shita has revealed bedrock depressions, estimated to be 
between 5,000 and 6,000 feet deep, along the front of the 
Gallatin Range and the southern part of the Bridger 
Range. In Dry Creek valley in the northern part of

the basin the bedrock surface is about 3,000 feet deep 
beneath Cenozoic sedimentary deposits.

The western part of the Crazy Mountains basin in 
south-central Montana contains more than 13,000 feet 
of continental deposits of latest Cretaceous and Paleo- 
cene age, formerly assigned to the Livingston Forma­ 
tion. In the type area, the lower half of this sequence 
has been redefined by A. E. Roberts (Art. 22) as the 
Livingston Group, divided into four new formations, 
and the upper half now is assigned to the Fort Union 
Formation.

The completion of field mapping and the reexamina- 
tion of several selected localities in the Tepee Creek 
quadrangle in Gallatin County, Mont., by I. J. Witkind, 
have raised doubts concerning the existence of the two 
parallel bedding-plane faults that were thought to ex­ 
tend across the area.48 The Jefferson Dolomite and the 
Three Forks Formation, which were earlier thought to 
have been cut out by one of the bedding-plane faults, 
have been provisionally identified in the area on the 
basis of fossil collections. Other fossil collections sug­ 
gest that the Madison Group is about 400 feet thicker 
than normal over much of the area, but Witkind con­ 
siders the excessive thickness a local depositional phe­ 
nomenon rather than the result of bedding-plane fault­ 
ing, und he suggests that the earlier reported bedding- 
plane faults probably do not exist in the Tepee Creek 
quadrangle.

Geologic and geophysical studies in central and south­ 
eastern Idaho

High-angle faults trending east and north cut the 
Idaho batholith and old metamorphic rocks near Big 
Creek, Idaho, and the previously unexplained patches of 
Casto Volcanics of Permian (?) age have been shown 
by B. F. Leonard to be preserved in downdropped fault 
blocks. The largest fault has been mapped for about 10 
miles, and has an apparent vertical displacement of per­ 
haps several thousand feet. Faulting seems to be both 
older and younger than some Tertiary dikes of a large 
swarm that runs north through the Big Creek quad­ 
rangle.

Relics of metavolcanic breccia older than the Casto 
Volcanics have recently been found by Leonard in Idaho 
batholith rocks in the southwest corner of the Yellow 
Pine quadrangle. Thus the northwest-trending folded 
belt of old metavolcanics described from Big Creek tt 
may have been as much as 30 miles wide.

48 Witkind, I. J., 1962, Possible detachment faults in the Tepee Creek 
quadrangle, Gallatin County, Montana: Art. 3 in U.S. Geol. Survey 
Prof. Paper 450-B, p. B6-B8.

M Leonard, B. F., 1962, Old metavolcanic rocks of the Big Creek area, 
central Idaho: Art. 5 in U.S. Geol. Survey Prof. Paper 450-B, p. 
B11-B15.
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In the northern part of the Leadore quadrangle, the 
Paleozoic sedimentary rocks and Tertiary (?) granite 
that here underlie the Beaverhead Range have been cut 
by at least four sets of faults, according to E. T. Ruppel. 
The oldest faults yet recognized are flat thrusts. These 
were later cut by west-trending high-angle faults, and 
still later both the thrusts and the high-angle faults ap­ 
pear to have been folded. The folded earlier faults have 
since been cut by range-front faults, and by north-trend­ 
ing faults that may have a major component of lateral 
movement.

In the valley of the Snake River southeast of Irwin, 
Idaho, D. A. Jobin and P. E. Soister have mapped 
northeast-dipping megabreccia interbedded with post 
middle Pliocene fanglomerate immediately southwest of 
the northwest-trending Snake River Range. The brec­ 
cia probably is composed of blocks from the steep fault- 
line scarp of the Snake River Range. Pearson (p. 
A82) has suggested a similar origin for the megabrec­ 
cia in the Bodie Mountain quadrangle in northeastern 
Washington. The dip of the breccia toward the Snake 
River Range probably is the result of about 500 feet of 
displacement on the range-front fault since middle 
Pliocene time.

According to H. F. Albee and M. H. Staatz, vari­ 
colored beds as much as 75 feet thick at the base of the 
Wells Formation in the Big Hole Mountains have 
yielded brachiopods that J. T. Dutro, Jr., has identified 
as similar to some in the Mississippian part of the Big 
Snowy Group, and the rocks tentatively are assigned a 
Late Mississippian age. Albee and Staatz suggest that 
these varicolored beds can be correlated with the lower 
beds of the Amsden Formation, which is also of Late 
Mississippian age.

Parts of what may prove to be two eastward-dipping 
thrust faults have been mapped in fault blocks in the 
southwest part of the Bancroft quadrangle west of Soda 
Springs, by S. S. Oriel. The thrusts have stratigraphic 
throws of 4,000 to 5,000 feet. Oriel also states that in 
the Portneuf and Fish Creek Ranges, late block move­ 
ments were mainly along three distinct sets of faults; at 
least two periods of movement occurred along one set.

Gravity observations delineate two gravity lows in 
Gem Valley in Caribou County, one at the north end 
and one at the south end of the valley. According to 
D. R. Mabey and F. C. Armstrong (1-62), the northern 
anomaly could be produced by a depression filled with a 
maximum of 9,000 feet of beds having a density 0.5 g 
per cm3 less than the enclosing rocks. The high sepa­ 
rating the two lows is interpreted as a topographic high 
on the surface of the Paleozoic rocks underlying the 
valley. Magnetic highs are interpreted as indicating

the position and trend of fault-fissure sources of some of 
the surface basalt flows.

Regional gravity observations across the overthrust 
belt in southeastern Idaho and western Wyoming in­ 
dicate an area of strongly positive free-air anomalies 
over the overthrust belt. According to D. R. Mabey, 
the anomalies indicate that the high regional topog­ 
raphy of the belt is not completely compensated by a 
mass deficiency at depth.

Geologic studies in Wyoming

Precambrian metasedimentary gneisses in the north­ 
ern part of the Teton Range were deformed at least 
twice before emplacement of the youngest pegmatitic 
and granitic rocks, according to J. C. Reed, Jr. (Art. 
60). Isotopic ages determined by Giletti and Gast on 
similar pegmatite in the southern part of the range sug­ 
gest that it may be as much as 2,600 million years old. 
If the pegmatites in the northern part of the range are 
this old, the metasedimentary gneisses may be among 
the oldest rocks exposed in North America.

A series of stratigraphic sections 2 to 4-miles apart, 
in Grand Teton National Park, have such extensive 
differences in facies and thickness that they must orig­ 
inally have been many miles apart, according to J. D. 
Love. He suggests that the different f acies subsequently 
were brought together by horizontal movement along 
the Jackson and Cache thrusts.

In Lincoln County, in southwestern Wyoming, mod­ 
erately abundant subsurface data in the Fort Hill quad­ 
rangle studied by S. S. Oriel indicate that 3 and locally 
4 thrust slices compose the thrust sheet above the 
Darby (?) fault exposed on Hogback Ridge.

A third detachment fault, within the area of the more 
extensive Heart Mountain fault a few miles east of 
the northeast border of Yellowstone National Park, 
has been named the Reef Creek fault by W. G. Pierce. 
Movement is thought to be caused by a combination of 
gravitational sliding and a jiggling surface motion im­ 
parted by strong earthquake tremors.

Another detachment fault, the Enos Creek detach­ 
ment thrust, has 'been mapped by W. L. Rohrer in the 
Adam Weiss Peak quadrangle in the southwestern part 
of the Big Horn Basin. This thrust, which is not re­ 
lated to either the South Fork thrust or the Heart 
Mountain thrust, has moved to the northeast, and rem­ 
nants of the thrust form a cap on Squaw Teats, about 
12 miles north of Grass Creek. The intensity of de­ 
formation in the thrust sheet, which is composed en­ 
tirely of Eocene rocks, decreases toward the source area, 
and there has been broad tectonic trenching of the un­ 
derlying rocks. Earthquakes accompanying the exten­ 
sive volcanism in the Yellowstone-Absaroka volcanic 
province probably triggered the movement.
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In central Wyoming, Liramide crustal movements 
have been found by W. R. Keefer and J. D. Love to be 
predominately vertical rather than horizontal. Subsid­ 
ence of parts of the Wind River Basin was as much 
as 16,000 feet, and the Granite Mountains were uplifted 
as much as 20,000 feet.

Compilation of data on the Pennsylvanian stratig­ 
raphy of Wyoming has led to recognition by W. W. 
Mallory (2-63) of an additional major tectonic ele­ 
ment of the ancestral Rocky Mountains, a group of 
uplifts that rose in Colorado and adjacent States dur­ 
ing the Pennsylvanian Period. Previously three major 
uplifts were recognized, the Uncompahgre and Front 
Range uplifts in Colorado and the Zuni-Defiance up­ 
lift in Arizona-New Mexico. The new paleotectonic 
element, called the Pathfinder uplift, had its greatest 
extent and most pronounced expression in Atoka 
(Middle Pennsylvanian) time when it extended from 
the vicinity of Laramie northward to Casper, and west­ 
ward to the southeast corner of Fremont County, Wyo. 
Recognition of this large paleotectonic element allows a 
detailed interpretation of the geologic history of the 
surrounding region during much of Pennsylvanian 
time.

E. K. Maughan (Art. 66) has found evidence of a 
low land area that had a position similar to that of the 
ancestral Front Range as early as Early Mississippian 
time.

An unconformity discovered by E. D. Maughan 
within the Park City Formation on the northern flank 
of the Owl Creek Mountains is believed to have formed 
during a regressive phase that separated two eastward 
transgressions of the sea in Permian time.

The oldest and highest terrace in the Big Horn 
Basin, atop Tatman Mountain, formerly was assigned 
ages ranging from Eocene to Pleistocene, but is now 
known to be of early Pleistocene age. W. R. Rohrer 
extrapolated the physiographic age from known upper 
Pleistocene deposits, and E. B. Leopold confirmed the 
extrapolated early Pleistocene age by palynological 
analysis (Art. 71).

Three tills of pre-Wisconsin age were found by G. M. 
Richmond (2-62) to overlie one another at Bull Lake 
on the east side of the Wind River Mountains. The 
three glaciations represented by the tills are named, from 
oldest to youngest: Cedar Ridge Glaciation, Sacaga- 
wea Ridge Glaciation, and Dinwoody Lake Glaciation. 
They probably are equivalent respectively to the Ne- 
braskan, Kansan, and Illinoian Glaciations of the mid- 
continent region.

Stratigraphic studies in eastern Montana, western North 
Dakota, and north-central South Dakota

Regional Stratigraphic studies by C. A. Sandberg 
indicate that a black and yellowish-brown carbonaceous 
shale and siltstone sequence of latest Devonian and 
earliest Mississippian age is widespread in northern 
Wyoming and south-central Montana. This lithologic 
unit overlies a regional unconformity that truncates 
the Three Forks and Jefferson Formations. It was 
deposited in a narrow northeast-trending basin pene- 
contemporaneously with the Englewood Limestone in 
the Black Hills area and the upper part of the Bakken 
Formation in the Williston basin.

The type sections of the Paine and Woodhurst Mem­ 
bers of the Lodgepole Formation in the Little Belt 
Mountains were remeasured by W. J. Sando and J. T. 
Dutro, Jr., and the faunal zones established elsewhere 
in the northern Rocky Mountains were recognized. 
The Mission Canyon Limestone in the Little Belt 
Mountains was found to be more than twice as thick 
as previously reported. In addition, a lithostrotionoid 
coral bed near the top of the Mission Canyon suggests 
both a correlation with the type Madison at Logan, 
Mont., and a Meramec age for the uppermost part of 
the Mission Canyon in the Little Belt Mountains.

A large, diverse Foraminiferal fauna has been found 
by J. F. Mello in the upper part of the Pierre Shale of 
north-central South Dakota, mostly in the Mobridge 
Member. The majority of species of Foraminifera are 
conspecific with Gulf Coast forms and indicate a corre­ 
lation of the upper part of the Pierre Shale in this area 
with beds of Navarro age on the Gulf Coastal Plain.

Geologic and geophysical studies in the Black Hills

An excellent correlation exists between gravity 
anomalies and major sedimentary structures along the 
western side of the Black Hills and eastern margin of 
the Powder River Basin. Analysis of the gravity data 
by R. A. Black suggests that the major sedimentary 
structures such as the Black Hills monocline, Fanny 
Peak monocline, and Old Woman anticline are the re­ 
sult of faulting in the Precambrian basement rocks.

In the Hill City quadrangle, located in the southern 
Black Hills, J. C. Ratte has found that the regional 
structure of the Precambrian rocks was produced by 
shear deformation.

SOUTHERN ROCKY MOUNTAINS AND PLAINS

Geology of Precambrian rocks
Intensive studies in the important Colorado mineral 

belt area of the central Front Range west of Denver,
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Colo., were continued during fiscal year 1963 by R. B. 
Taylor, W. A. Braddock, P. K. Theobald, D. M. Sheri­ 
dan, and C. T. "Wrucke in the Blackhawk, Empire, Ber- 
thoud Pass, Squaw Pass, and Boulder quadrangles. 
The main structures in the Precambrian rocks have re­ 
sulted from three successive periods of deformation. 
The oldest deformation developed broad warps and 
smaller associated folds whose axes trend northwest, and 
appears to be at least partly syntectonic with the 
Boulder Creek Granodiorite. The foliation in much of 
the interior of the main Boulder Creek batholith west 
of Boulder, Colo., is of igneous origin, whereas the 
foliation along the northern edge of the body is gneissic 
and formed during regional metamorphism. During 
a second period of deformation, north-northeast-trend­ 
ing folds were superimposed on the older folds. The 
third period of deformation began with folding around 
east-northeast-trending axes, and progressed into cata- 
clasis along shear zones of this trend. West of Central 
City, plastic folding during the third period of deform­ 
ation predated intrusion of the Silver Plume Granite, 
but the succeeding cataclasis in part postdated the 
intrusion.

Major shear zones of three principal trends have been 
mapped by P. K. Theobald in the Berthoud Pass quad­ 
rangle near the crest of the Front Range; each under­ 
went movement during both Precambrian and Tertiary 
times, and each was mineralized with a distinctive as­ 
semblage of metals. Broad east- to east-northeast- 
trending zones of Precambrian cataclastic rocks are cut 
by younger fissures that locally contain porphyry dikes 
and tungsten-molybdenum concentrations of Tertiary 
age. A 2-mile-wide belt of gouge-filled faults, locally 
mineralized with copper, extends northeast along the 
west side of Berthoud Pass; this belt is susceptible to 
landsliding, and highway and tunnel construction and 
maintenance within it have been difficult. Younger 
northerly trending mylonite and breccia zones cut both 
the Precambrian and the Tertiary intrusive rocks, and 
locally contain lead and silver deposits.

In studies of Precambrian rocks elsewhere in the 
Southern Rocky Mountains, Q. D. Singewald has found 
that the most highly metamorphosed rocks in the Wet 
Mountains near Westcliffe, Colo., are charnokitic rocks 
of the granulite f acies. These rocks are concentrated in 
an elongate structural core 2 miles wide that trends 
northeast across the Mt. Tyndall quadrangle; they are 
closely associated with, and probably are a somewhat 
higher grade variant of, the widespread hornblende- 
pyroxene-plagioclase gneiss of the Wet Mountains.

Two related alkalic intrusive complexes of Precam­ 
brian age were mapped by R. L. Parker and F. A. Hilde- 
brand (1-63) in the northern Wet Mountains, Colo.

One complex underlies an area of about 2 square miles 
at Gem Park, 3 miles east of Hillside. The other under­ 
lies an area of about 20 square miles and is centered 
about McClure Mountain, 5 miles northeast of Gem 
Park. The alkalic rocks range in composition from 
pyroxenite to nepheline syenite. Carbonatite dikes are 
present in both complexes, but are most abundant in the 
Gem Park complex.

Preliminary studies by Fred Barker in the Sawatch 
Range, Colo., have shown that west of a major mylonite 
zone the Precambrian rocks are pelitic schist of silli- 
manite-muscovite grade, much of which contains either 
cordierite or garnet; and amphibolites, metagabbro, 
and metamorphosed quartz diorite and granodiorite 
that contain blue-green hornblende and epidote. East 
of the mylonite zone are feldspar-quartz-garnet 
gneisses, amphibolites, and biotite-cordierite-garnet- 
sillimanite schist that contains no muscovite.

Stratigraphic and paleontologic studies

A sandstone sequence 82 feet thick at Apache Creek, 
near the southern end of the Wet Mountains, Colo., has 
been defined as the Apache Creek Sandstone Member 
of the Pierre Shale by G. R. Scott and W. A. Cobban 
(Art. 25). The Apache Creek Member is correlated 
with the Menefee Formation of the Durango area, 
Colorado, with the upper part of the Gammon Ferrugi­ 
nous Member of the Pierre Shale in the Black Hills, 
and with the Sussex Sandstone Member of the Cody 
Shale in the Salt Creek oil field, Wyoming.

Stratigraphic 'studies by G. N. Pipiringos in central 
Wyoming and adjacent parts of Colorado and Utah 
have established the correlation of the Sundance For­ 
mation in Wyoming divided from the base upward 
into the Canyon Springs, Stockade Beaver, Hulett, Lak, 
unnamed B, Redwater, and unnamed A Members with 
other stratigraphic units in Colorado and Utah. South­ 
ward along the Front Range in Colorado, the upper, 
unnamed A member intertongues with basal beds of the 
Morrison Formation, and southwestward it apparently 
forms part of the Summerville Formation in western 
Colorado and Utah. The Redwater Member of the 
Sundance in the Lander area, Wyoming, is identical 
with the shaly upper part of the Curtis Formation near 
Vernal, Utah; the slabby ripple- and trail-marked 
sandstones in the informal B member and the Hulett 
Member have counterparts in the sandy lower part of 
the Curtis. The Canyon Springs Member of the Sun- 
dance Formation in Wyoming continues southward as 
the Entrada Sandstone of the Front Range and eastern 
Uinta Mountains.

G. M. Richmond (2-63) has reexamined the glacial 
deposits in the Sangre de Cristo Mountains and Sierra
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Blanca in New Mexico, and has correlated the several 
substages previously recognized with the successive 
glaciations of the Wind River Mountains of Wyoming. 
Deposits correlative with the Dinwoodie Lake Glacia- 
tion, two stades of the Bull Lake Glaciation, and three 
stades of the Pinedale Glaciation are recognized. De­ 
posits of the Temple Lake Stade of neoglaciation are 
identified in the Sangre de Cristo Mountains but not in 
the Sierra Blanca. Deposits of the Gannett Peak Stade 
are not recognized south of Wheeler Peak in the Sangre 
de Cristo Mountains.

In mapping the sedimentary rocks of the Mt. Har­ 
vard quadrangle northwest of Buena Vista, Colo., M. 
R. Brock has found a section of Leadville Limestone 
150 feet thick that contains no dolomite. This section 
contrasts with other known exposures of the Leadville 
in the S a watch Range, both to the north and south, 
which contain widespread layers of dolomite. Careful 
study of the new find should help solve the long-stand­ 
ing question of sedimentary versus hydrothermal origin 
of the dolomites in the Leadville in and adjacent to the 
Colorado mineral belt.

A possible equivalent of the Burro Canyon Forma­ 
tion has been recognized by D. L. Gaskill and L. H. God­ 
win on the Treasure Mountain Dome near Marble, Colo., 
where a thin conglomeratic quartzite and dense green­ 
ish-gray hornfels representing former argillaceous rocks 
have been mapped near the top of a section generally in­ 
cluded in the Morrison Formation. These strata 
closely resemble some recognized as possible equivalents 
of Burro Canyon by F. G. Poole along the Grand Hog­ 
back to the north.

Well-preserved fossil vertebrates were discovered in 
the Tertiary rocks of Middle Park, Colo., by G. A. Izett 
and were studied by G. E. Lewis (Art. 31). The fossils 
were found in a sequence of soft tuffaceous siltstones and 
conglomerates that crops out in the Hot Sulphur 
Springs and Kremmling quadrangles, Grand County, 
Colo. The few fossils previously reported from this 
sequence were assigned various ages between Oligocene 
and early Pliocene. The present study indicates that 
the stratigraphic position probably is middle Miocene.

In other studies in Middle Park, G. A. Izett, R. B. 
Taylor, and D. L. Hoover (2-63) have recognized the 
Windy Gap Volcanic Member of the Middle Park For­ 
mation. This member consists of a distinctive sequence 
of andesitic and trachyandesitic volcaniclastic rocks at 
or near the base of the Middle Park Formation. No 
diagnostic fossils have been found in the Windy Gap 
Member, but a preliminary interpretation based on 
pollen from an overlying bed of carbonaceous debris 
indicates that the member is Late Cretaceous in asre.
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After studying a vertebrate fauna collected from the 
general type area of the Cutler Formation in southwest 
Colorado, G. E. Lewis has shown that the formation, 
previously thought to be either Late Pennsylvanian or 
Early Permian in age, is Early Permian (Wolfcamp or 
Autunian), and that it correlates with the lower to mid­ 
dle part of the Wichita Group of Texas.

Detailed studies by D. A. Myers of the Madera Lime­ 
stone of Pennsylvanian age in the Manzano Mountains, 
N. Mex., have shown that the lower part of the forma­ 
tion is characterized by advanced forms of the fusu- 
linid genus Fusulinella and is late Atoka in age.

Geology of volcanic and hypabyssal intrusive igneous 
rocks

In a comparative study of volcanic cauldrons (cal­ 
deras and volcano-tectonic depressions) associated with 
voluminous pyroclastic deposits, R. L. Smith and R. A. 
Bailey 50 have recognized differences in postsubsidence 
intracauldron vulcanicity that permit classification of 
such structures into three genetic types: (1) those with 
mafic to intermediate central volcanoes (Krakatoa, 
Crater Lake, and Aso calderas), (2) those with mafic 
and (or) silicic volcanoes, but without central uplifts 
(Mull and Tibesti calderas), and (3) those with central 
uplifts and silicic central and ring volcanoes (the Valles 
caldera, New Mexico, and the Toba depression, Suma­ 
tra). They have defined the third type as resurgent 
cauldrons and pointed out that such cauldrons in the 
western United States are associated with voluminous 
ash-flow sheets, and in some places, ore deposits.

Detailed studies were continued in the complex vol­ 
canic field of the San Juan Mountains, Colo. In the 
western part, R. G. Luedke and W. S. Burbank (Art. 
70) have redefined the volcanic stratigraphy to conform 
to new data and interpretations. In and near the ring- 
fault zone on the northwest border of the Silverton 
caldera, they have determined that an elliptical block 
1 to 2 miles in diameter centered at Red Mountain is 
downthrown 1 to 2 thousand feet relative to the adja­ 
cent rocks. Like other ring-fractured blocks reported 
by them previously, this one is interpreted to be a prod­ 
uct of late magmatic pumping or hydraulic action in 
the caldera and adjacent areas.

In the central San Juan Mountains near Creede, 
Colo., T. A. Steven and J. C. Ratte (1-63) have recog­ 
nized a complexly subsided area at least 25 miles long 
and 5 to 15 miles wide that shows evidence of at least 
4 separate cauldron structures related to voluminous 
ash-flow eruptions. The area is believed to be the re-

B0 Smith, R. I>. and Bailey, R. A., 1962, Resurgent cauldrons their 
relation to granitic ring structures and large volume rhyolitic ash flow 
fields [abs] : Internat. Assoc. Volcanology Symposium on Volcanology 
Abstracts, p. 67-68; Sci. Council, Japan.
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peatedly disrupted roof of a shallow batholithic magma 
chamber. Recurrent escape of great volumes of ash led 
to the collapse of unsupported segments of the roof. 
Upward movement of magma into the newly subsided 
blocks caused uplift and local escape of lava.

In mapping the Cimarron Ridge area along the north­ 
west flank of the San Juan Mountains, Colo., R. G. 
Dickinson has discovered a section of tuff breccia and 
tuffaceous sedimentary rocks at least 200 feet thick be­ 
neath the conglomerates, sandstones, and shales assigned 
to the Telluride Conglomerate of Oligocene (?) age. 
The newly discovered volcanic rocks contain plant re­ 
mains of late Cretaceous or Paleocene age, and they 
indicate volcanic activity at an earlier stage than had 
been known previously in this area.

In mapping the Sapinero and Curecanti Needle quad­ 
rangles near the Black Canyon of the Gunnison, Colo., 
W. R. Hansen has found beds of stream gravel between 
successive Tertiary volcanic flows that overlie Precain- 
brian crystalline and Mesozoic sedimentary rocks. The 
gravels are all generally similar and consist of frag­ 
ments of granitic rocks, gneiss, schist, and amphibolite 
from the Precambrian basement; quartzitic sandstone, 
siliceous conglomerate, and rare limestone from the 
Mesozoic sedimentary rocks; and abundant volcanic 
porphyries. The recurrent deposition of gravel indi­ 
cates that the Gunnison River and tributaries reestab­ 
lished themselves after each major volcanic eruption.

Mapping and petrographic studies in the Ruby Range 
and West Elk Mountains (Anthracite quadrangle) of 
Gunnison County, Colo., by D. L. Gaskill and L. H. 
Godwin indicate that the hypabyssal intrusive rocks 
there probably were derived from the same magmatic 
source as the dikes, sills, and laccoliths in the adjacent 
Elk Range to the east. Small stocks and related sills 
and dikes in the Ruby Range form a sequence that 
ranges in composition from early hornblende granodi- 
orite through granodiorite porphyry and quartz mon- 
zonite porphyry to late granite. Rocks of this sequence 
cut sedimentary rocks of the early Tertiary Wasatch 
Formation, but the precise time of intrusion has not 
been established. Younger hornblende dacite dikes 
cut the earlier intrusive bodies and volcanic rocks of 
the West Elk Breccia of Miocene (?) age as well.

In a petrologic study centering on the Mt. Princeton 
batholith and related intrusive bodies in the southern 
part of the Sawatch Range, Colo., Priestley Toulmin, 
III, has found evidence suggesting that the lower part 
of a volcanic subsidence structure is preserved near 
Mount Aetna. In this area, rocks thought to be vol­ 
canic rather than intrusive lie within the acute angle 
between two intersecting long dikes of quartz monzonite 
porphyry. The fracture patterns, evidence of hydro-

thermal activity, and lithology contrast markedly across 
the dikes, and the wall rocks outside the dikes are widely 
sheared.

In the Poncha Springs quadrangle near Salida, Colo., 
R. E. Van Alstine has mapped two assemblages of Ter­ 
tiary volcanic rocks that rest on Precambrian metamor- 
phic and igneous rocks and are locally overlain by 
sediments of early Pliocene age. The older assemblage 
consists of rhyodacite lava flows and volcanic ash units, 
followed by quartz latitic and rhyolitic welded tuff. 
The younger assemblage consists of pumiceous pyro- 
clastic rocks, obsidian, perlite, and partially welded tuff 
characterized by lithophysae and flattened vesicles con­ 
taining quartz, sanidine, garnet, topaz, magnetite, and 
hematite.

Structural geology

Geologic mapping by G. O. Bachman in the San 
Andres Mountains of south-central New Mexico has led 
to the recognition of a major reverse-fault zone of ear­ 
lier age than the high-angle normal faults of typical 
Basin and Range aspect that outline the mountains. 
The earlier fault zone trends about east across the 
mountains near San Augustin Pass, and places Pre­ 
cambrian granite across the trend of sedimentary strata 
of Cambrian to Permian age. Total displacement is at 
least 5,000 feet.

In the Cameron Mountain quadrangle northeast of 
Salida, Colo., M. G. Dings has mapped northwest- 
trending folds and faults in Precambrian and Paleozoic 
rocks that probably constitute a southern extension of 
the Mosquito-Weston fault zone, the major structural 
feature of the Mosquito Range 30 to 40 miles to the 
north-northwest. A granodiorite stock of Tertiary age 
several miles wide and about 15 miles long was em- 
placed along the axis of a syncline in Paleozoic strata, 
and related hydrothermal solutions deposited copper 
minerals in the Futurity district in the northern part 
of the quadrangle.

Downfaulted blocks of the Pliocene Dry Union 
Formation have been identified by Ogden Tweto along 
the major Mosquito fault zone, high on the side of the 
Mosquito Range between Leadville and Climax, Colo. 
This occurrence indicates that the Dry Union, which 
now occurs principally in the bottom of the upper Ar­ 
kansas Valley, once must have nearly covered the ad­ 
jacent mountains. In addition, it confirms late move­ 
ment along the Mosquito fault, probably concurrent 
with previously reported displacements along other 
faults that cut the Dry Union Formation in the upper 
Arkansas Valley.

A network of grabens found by A. L. Bush and C. S. 
Bromfield to be characteristic of the sedimentary terrane 
along the western border of the San Juan Mountains,



COLORADO PLATEAU A89

olo., has been found to continue southward in the 
Dolores Peak quadrangle, where it is marked by a 
aorth-northwest-trending graben 5 miles long and 1 to 
iy2 miles wide. Maximum displacement across the 
Dounding faults is at least 800 feet. In the Dunton 
mining district, on the western margin of the graben, 
gold- and silver-bearing veins occupy subsidiary 
graben faults in rocks of the Cutler Formation of 
Permian age and the Dolores Formation of Triassic

Large-scale block-gliding has occurred widely in the 
[Lake Agnes quadrangle in northwestern Middle Park, 
(Colo., according to W. J. Hail, Jr. Two of the larger 
blocks are each 2 to 3 square miles in area. They con­ 
sist largely of sandstone of the Dakota Group which 
has slid as much as 4,000 feet valley ward over clay- 
stone beds of the underlying Morrison Formation.

Geophysical investigations

Gravity investigations across the upper Arkansas 
valley near Leadville, Colo., were begun by J. E. Case. 
The valley is a major tectonic trough of Tertiary age 
deeply filled by sediments of Pliocene and Pleistocene 
age. The adjoining Mosquito and Sawatch Ranges con- 
isist of Precambrian crystalline rocks and Paleozoic 
sedimentary rocks injected by many bodies of Tertiary 
porphyry. Preliminary results from 400 gravity sta­ 
tions indicate a regional low across the central part of 
the area due to: (1) a residual low of about 20 milligals 
that reflects the low density of the alluvial and glacial 
fill in the Arkansas Valley, and (2) a broad low of about 
30 milligals that is possibly related to an underlying 
batholith postulated by many workers in the area.

Preliminary analysis of gravity and magnetic data 
by H. E. Joesting indicates that major structural fea­ 
tures of the Valles caldera and adjoining Rio Grande 
trough, west of Santa Fe, N. Mex., can be identified 
beneath the cover of volcanic rocks. Upper Pliocene (?) 
and lower Pleistocene (?) volcanic rocks display 
^nomalous inverse remanent magnetism that may pro- 
fvide a basis for comparison with volcanic rocks in other 
areas.
| COLORADO PLATEAU 

Stratigraphy
Preliminary results of mapping in the northwestern 

part of the Uncompahgre uplift, Utah, southwest of 
Grand Junction, Colo., by J. E. Case indicate that the 
Precambrian country rock is dominantly biotite- 
imicrocline gneiss of several varieties and variable folia­ 
tion. The gneiss has been intruded by coarse biotite 
granite in a body of batholithic size as well as by small 
plutons of gabbroic rocks and pyroxenite. The meta- 
morphic rocks are weakly magnetic, whereas the biotite 
;ranite and the gabbro complex are highly magnetic.

These rock units may thus be traced under the cover of 
sedimentary rocks of Mesozoic age by their character­ 
istic magnetic anomalies.

As a result of the detailed study of the Redwall 
Limestone, northern Arizona, E. D. McKee (Art. 65) 
has proposed formal names for the four members of the 
Redwall widely recognizable in surface and subsurface 
sections throughout the region. From base to top they 
are the Whitmore Wash, Thunder Springs, Mooney 
Falls, and Horseshoe Mesa Members.

Continuing studies by E. D. McKee of the Hermit 
and Supai Formations, of Permian and Permian and 
Pennsylvanian age, in northern Arizona have resulted in 
the discovery of two marker beds in the red-bed se­ 
quence. They have now been traced through much of 
the Grand Canyon. Distributary streams of the Supai 
apparently flowed southward in this area and formed 
lobate deltas in a southern marine area rather than in a 
western marine area as was generally believed 
heretofore.

The winds that deposited the eolian sandstone of late 
Paleozoic to middle Mesozoic age in the Colorado 
Plateau were strong and persistent throughout a broad 
belt and came dominantly from the north according 
to F. G. Poole (1-62). The broad belt of northerly 
winds may represent a former belt of northeast trade 
winds wider than that of the present, although the belt 
could have been caused by circulation around a high- 
pressure cell located over the ancient sea to the west. 
Other explanations, on the assumption that the trade- 
wind belt was similar in width to that of the present, re­ 
quire either a northward displacement of the belt be­ 
cause of an expanded equatorial zone, or polar 
wandering.

In southern Utah and northern Arizona, J. C. Wright 
and D. D. Dickey (1-63) show that marine and 
marginal marine beds in the lower part of the Carmel 
Formation of Middle and Late Jurassic age intertongue 
with reworked eolian beds of the upper part of the 
Navajo Sandstone of Late Triassic(?) and Jurassic 
age. The Thousand Pockets Tongue of the Navajo is as 
much as 200 feet thick, and it extends northward 70 
miles from its source at Kaibito, south of Glen Canyon 
dam. The source was an anticline that exposed older 
beds of the Navajo to erosion in Navajo time. D. A. 
Phoenix 51 has shown that the underlying Judd Hollow 
Tongue of the Carmel, also as much as 200 feet thick, 
extends southward 5 to 60 miles beyond the northern 
edge of the Thousand Pockets Tongue.

Several collections of marine mollusks gathered by 
W. B. Cashion and identified by W. A. Cobban permit

i61 Phoenix, D. A., 1963, Geology of the Lees Ferry area, Coconlno 
County, Arizona: B.S. Geol. Survey Bull. 1137. [In press]
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a more precise placing of the Carlile-Greenhorn bound­ 
ary (Upper Cretaceous) in part of southwestern Utah. 
In western Kane County this boundary is in the upper 
part of the Tropic Formation about 400 feet below the 
base of the Straight Cliffs Sandstone.

In the Cerro Summit area east of Montrose, Colo., 
fossils collected by R. G. Dickinson from the Mancos 
Shale at least 300 feet beneath its top were identified by 
W. A. Cobban as belonging to the Didymoceras 
nebrascense f aunal zone of the Campanian Stage. The 
coal-bearing beds above the Mancos are therefore prob­ 
ably the same age as the Pictured Cliffs and Fruitland 
Formations of the San Juan basin.

In the Rio Puerco valley from west of Albuquerque, 
N. Mex., northward to La Ventana Mesa near Cuba, 
Carle Dane reports finding a sandstone locally more 
than 50 feet thick, the top of which is 115 to 150 feet 
beneath the top of the Juana Lopez Member of the 
Mancos Shale. Fossils identified by W. A. Cobban 
suggest that the top of this sandstone is close to the top 
of the C ollignoniceras Jiyatti f aunal zone. Preliminary 
review of the data suggests that the sandstone is ex­ 
tensive and continuous in the southern San Juan basin 
and may have been derived from a local source in the 
present southern Nacimiento Mountains.

Additional details have been added by A. B. Olson 
concerning the intertonguing of the marine Mancos 
Shale and nonmarine formations of the Mesaverde 
Group east of the Rio Grande in the Tonque Arroyo- 
Hagan basin area, Sandoval County, N. Mex. In this 
area, exposures extend about 8 miles transverse to most 
of the shorelines of the Cretaceous epicontinental sea 
and record the following major changes in thickness 
and lithology:

1. Point Lookout Sandstone thickens southward 
from 50 feet to 200 feet.

2. The underlying Satan Tongue of the Mancos 
Shale thins southward from 550 feet to 400 feet.

3. Underlying sandy beds of undifferentiated Man- 
cos Shale grade southward into undivided beds of the 
Hosta Tongue of the Point Lookout Sandstone, and the 
Gibson Coal and Dalton Sandstone Members of the 
Crevasse Canyon Formation. Farther south the Hosta 
Tongue can be differentiated.

4. The underlying Mulatto Tongue of the Mancos 
Shale is about 500 feet thick in the area studied. Be­ 
cause of its characteristic sandy composition the Mu­ 
latto is recognizable even though the area is entirely 
seaward from the limit of deposition of the underlying 
Gallup Sandstone, which is normally diagnostic of the 
unit.

5. The main body of the Mancos Shale under the 
Mulatto Tongue thins southward from 540 to about 
320 feet.

6. The underlying Juana Lopez Member of the Man- 
cos Shale, and a conspicious underlying sandstone re­ 
ported above by Dane, are separated by about 150 feet 
of Mancos Shale throughout the area.

Structural history

Gravity and magnetic surveys in the area containing 
the junction of the Green and Colorado Rivers, Utah, 
indicate that a buried structural "high", of probable 
Pennsylvania!! age, extends northwestward from the 
Colorado River (H. R. Joesting and J. E. Case, 2-62). 
The trend of this structural high is the same as that of 
axes of several small surface folds in rocks of post- 
Pennsylvaniaii age, and is near the southwest flank of 
a shallow syncline, but does not coincide with any of 
these structures. The structural high divides the Para­ 
dox basin into a comparatively deep northeast part and 
a shallow southwest part. Similar conditions in the 
Uravan area to the east in Colorado were likewise indi­ 
cated by gravity and magnetic surveys and later were 
confirmed by drilling. The structural high is crossed 
by a major structure of northeast strike, marked by 
gravity and magnetic discontinuities, that extends more 
than 75 miles along the course of the Colorado River. 
The structure may be of Precambrian age, and may 
have been rejuvenated in Pennsylvanian time.

In southeast San Juan County, Utah, well data indi­ 
cate to R. B. O'Sullivan that strata of pre-Pennsylva­ 
nian Paleozoic age thin uniformly eastward across 
southern Utah. The Hermosa and Molas Formations, 
of Pennsylvania age, however, thin locally over present 
major structural features such as the Halgaito, Raplee, 
and Boundary Butte anticlines. This local thinning, 
though small, suggests that these prominent folds began 
to form in Pennsylvanian time.

Pre-Chinle uplift and erosion in middle Triassic time 
has long been recognized in most parts of the Colorado 
Plateau. E. D. McKee has available thickness measure­ 
ments of the Moenkopi Formation on a line between 
Winslow and Fredonia in northern Arizona (Art. 67), 
and he demonstrates that a prong extending westward 
from the Defiance positive area near the Four Corners 
area was differentially uplifted and subsequently eroded 
after deposition of the Moenkopi but before deposition 
of the Chinle.

Two unconformities in southern Utah one near the 
base of the Cretaceous strata and the other near the base 
of the Cenozoic strata clearly show in regional studies
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f Jurassic strata, according to J. C. Wright. Beneath 
he older unconformity, gently northeast-tilted strata 
f Jurassic age are beveled and are buried under the 

Dakota Sandstone of Cretaceous age. The regional 
angularity is revealed by the progressively older Juras­ 
sic strata which subcrop beneath the unconformity to- 
ivard the southwest. The conglomeratic Dakota Sand- 
Stone above the unconformity is thin and not exception­ 
ally coarse grained, and it extends for hundreds of miles 
iiortheastward. This unconformity is the product of 
epeirogenic warping that uplifted a southwestern source 
rea and also imposed a pronounced regional slope 
 cross a wide area. In contrast, the strata of Mesozoic 
ge beneath the younger, pre-"Wasatch" unconformity 
n southern Utah are tectonically deformed both along 

dieir western margin and along several lengthy mono- 
linal folds. These structures are truncated beneath the 

unconformity, but elsewhere associated erosion appears 
mall. Very coarse conglomerate, more than 1,000 feet 

thick, rests above the unconformity close to its western 
imit, but the conglomerate thins to 20 feet less than 

miles to the east. This unconformity is related to 
ocalized erogenic deformation to the west, which only 
mposed a restricted local slope for the eastward trans­ 

port of conglomeratic material.
Along the Hurricane fault at the western margin 

'f the Colorado Plateau in southwestern Utah, 
anglomerate, pediment, and stream-channel deposits 

range in age from Miocene (?) to Recent. The deposits 
have been dated by Paul Averitt through studies of 
jhe composition and size of gravel components and dis­ 
tance from source of materials. The deposits range in 
altitude from 6,000 feet at the base of the Hurricane 
Cliffs on the west or downthrown side of the Hurricane 
; !ault, to 9,000 feet on the Kolob Terrace on the east 
or upthrown side of the fault. Much of the difference 
in altitude is the result of displacement on the fault 
in Pliocene and Pleistocene time. Differences in com- 
>osition of gravel also have established the approximate 
ocation of a late Tertiary drainage divide between 

two westward-flowing streams that formerly headed 
about 8 miles east of the Hurricane fault. The chan­ 
nels of these streams have since been obliterated by up­ 
lift and erosion, and by basalt flows.

Quaternary geology and physiography

Two important papers describing widely different 
spects of Quaternary geology were published by the 

Survey during the year. J. D. Sears (1-62), describe 
the development of the canyon of the Yampa River, 
north western Colorado, and G. M. Richmond describe 
the record of multiple glaciation in the La Sal Moun- 

ins, Utah.

The conspicuous "holes" or pockets, such as Brown's 
Hole, on the north wall of Yampa Canyon have been 
termed "meander-migration scars." Their origin is at­ 
tributed to the downdip migration and lowering of 
early meanders of the Yampa River that formed on 
the depositional surface of the Browns Park Forma­ 
tion of Miocene (?) age as the river incised its way 
into the southern flank of the Uinta Mountain arch 
in close accordance with preexisting graben structure 
and relative resistance of the underlying Weber and 
Morgan Formations.

G. M. Richmond 52 recorded at least 6 glaciations of 
Pleistocene age and 2 minor cirque glaciations of Re­ 
cent age in the La Sal Mountains of eastern Utah. He 
recognized and delineated 4 formations of Quarternary 
age characterized by distinctive soil profiles, relative 
topographic position, surface expression, internal char­ 
acter, and relation to erosion surfaces and discon- 
formities.

W. R. Hansen examined a deposit of ash, 5 to 6 feet 
thick, uncovered in an excavation for road gravel near 
Sapinero, Colo., on the eastern margin of the Colorado 
Plateau. Analyses by E. J. Young of the Geological 
Survey indicate that the ash, which contains chevkinite 
and green f erroaugite, is mineralogically similar to, and 
therefore probably correlates with, the Pearlette Ash 
Member of the Sappa Formation of late Kansan age. 
The ash is 200 feet above the Lake Fork of the Gunnison 
River on a terrace mantled by at least 8 feet of cobble 
gravel of Pleistocene age. The ash is overlain and 
truncated by tuffaceous silty sand and gravel about 12 
feet thick that has a calcareous soil profile and is ap­ 
parently pre-Wisconsin in age. The silty sand and 
gravel are in turn overlain by 3 feet of silty colluvium 
of late Wisconsin or possibly Recent age. The indi­ 
cated rate of downcutting in Lake Fork Canyon since 
deposition of the ash is on the order of one foot in 1,000 
years.

At the western edge of the Gunnison uplift, south of 
the Black Canyon of the Gunnison River, Colo., pre­ 
liminary study indicates to R. G. Dickinson the presence 
of sediments of pre-Wisconsin and of Wisconsin age 
that were previously mapped by Atwood and Mather 
and designated by them as the Florida Gravel of pre- 
Wisconsin age. Soil profiles were developed in about 
200 feet of alluvial gravel and colluvium in the once- 
continuous but now bisected Shinn Park and Bostwick 
Park valleys. The sequence of beds indicates that a 
sizable stream, perhaps the ancestral Uncompahgre 
River, once flowed northwestward through the valley 
to the Gunnison. This river was probably beheaded

62 Richmond, G. M., 1962, Quaternary stratigraphy of the La Sal 
Mountains, Utah: U.S. Geol. Survey Prof. Paper 324.
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early in Pleistocene time by a stream in the present 
Uncompahgre Valley through rapid headward erosion 
in the Mancos Shale. This drainage was in turn bi­ 
sected by the present Cedar Creek in late Wisconsin 
time.

A series of low straight subparallel scarps that are 
oriented about N. 25° E. bound elongate flat areas in 
loess of pre-Wisconsin age on the Sage Plain, south­ 
western Colorado. The scarps were interpreted as frac­ 
tures by V. C. Kelley in 1955, but D. K. Shaw finds no 
relation to underlying rock structure (Art. 95). The 
flat areas are nearly at the level of an old weathered 
surface, and swales between the flats probably hav 
been deflated by prevailing southwesterly winds.

BASIN AND RANGE REGION
Precambrian geology in Arizona

Further study of the granodiorite gneiss, discovered 
by P. M. Blacet to lie unconformably below the Yava- 
pai Series, suggests that the gneiss corresponds to a 
period of orogeny about 1,750 million years ago. Al­ 
though K-Ar and Kb-Sr ratios from micas in the gneiss 
indicate an age of about 1,250 million years (analyses 
by Carl Hedge), measurements of isotopes of lead in 
zircon from the gneiss indicate a minimum age of 1,700 
million years (analyses by E. J. Catanzaro), more in 
keeping with stratigraphic relations. The micas ap­ 
parently recrystallized during a period of deformation 
known to have effected the overlying Yavapai Series, 
but the zircons of the gneiss seem to have remained 
unaltered.

Stratigraphy in Arizona

In the Huachuca Mountains of southeastern Arizona, 
P. T. Hayes has recognized several subdivisions of the 
Bisbee Group of Early Cretaceous age, and preliminary 
study indicates that volcanic rocks of unknown thick­ 
ness in the area are of pre-Bisbee post-Permian age. 
Harald Drewes in early phases of an investigation of 
the Mount Wrightson area finds that the pre-Bisbee 
sequence of volcanic and sedimentary rocks is at least 
partly of subaqueous origin.

Stratigraphic investigations by T. L. Finnell along 
Canyon Creek in southwestern Navajo County, Ariz., 
have shown that rocks formerly thought to be Troy 
Quartzite and considered to be of Cambrian age, ac­ 
tually include two units one a quartzite of Precam­ 
brian age and the other a sandstone of early Paleozoic 
age separated by a major unconformity. The unit of 
Precambrian age, to which the name Troy Quartzite is 
now restricted, was intruded by diabase before deposi­ 
tion of the unit of early Paleozoic age. The lower 
Paleozoic standstone fills the lower 150 feet of 3 broad

valleys that were cut as much as 450 feet into the Pre­ 
cambrian terrane.

By measuring stratigraphic sections in the American 
Peak-Mowry mine area of the Harshaw quadrangle 
northeast of Nogales, southern Arizona, F. S. Simons 
found that rocks of Paleozoic age are at least 4,300 feet 
thick, and include the Bolsa Quartzite, Abrigo Lime­ 
stone, Martin Limestone, Escabrosa Limestone, Hor- 
quilla Limestone, Earp Formation, Epitaph Dolomite, 
Scherrer Formation, and Concha Limestone. These 
formations thus extend at least 45 to 55 miles west and 
southwest of their type localities in the Mule Mountains, 
Tombstone Hills, and Gunnison Hills.

Structural geology in Arizona

M. H. Krieger has found that the Miocene (?) Galiuro 
Volcanics have been dropped down 2,000 to 3,000 feet 
along the fault or faults bounding the east side of the 
San Pedro Valley between Mammoth and Winkelman, 
Ariz. Maj or displacement on the faults took place dur­ 
ing accumulation of the Gila Conglomerate, and there 
was minor movement in post-Gila time.

Harald Drewes has found a large northwest-trending 
fault zone, along which there has been right-lateral dis­ 
placement and local thrust movement, near Sawmill 
Canyon in the Mount Wrightson area north of Nogales, 
Ariz. Parts of what may be the same fault zone to the 
southeast have been identified by K. B. Kaup in the 
Elgin quadrangle and by P. T. Hayes on the south­ 
western flank of the Huachuca Mountains.

Keconnaissance study by E. F. Pashley, Jr., of the 
structure of the layered gneissic rocks of the Bincon, 
Tanque Verde, and southern Santa Catalina Mountains 
east of Tucson has delineated a series of simple doubly 
plunging anticlines and synclines whose axes trend N. 
60° to 65° E., rather than northwest or west-northwest 
as thought by previous workers. Pashley suggests that 
the folding and metamorphism took place in middle 
Tertiary time.

Stratigraphy in Nevada

A sequence of vanadium-bearing Devonian shales and 
sandstones in the southern Fish Creek Kange, southwest 
of Eureka, Nev., has been found by T. B. Nolan and 
C. W. Merriam to contain land plants, spores, Mollusca, 
eurypterid claws, and goniatites. The vanadium-bear­ 
ing shales and sandstones, doubtless land laid in part, 
probably intertongue with more nearly normal marine 
parts of the Nevada Formation. Fossil evidence and 
lithology invite comparison of this newly recognized 
sequence with f acies of the Catskill Formation of New 
York and the Old Red Sandstone of Europe.

A study by R. C. Douglass of the reference section 
of the Pequop Formation proposed in 1961 by G. B.
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Kobinson, Jr., in northeastern Nevada suggests that the 
section may be repeated and that the upper beds may 
not be of as late a Permian age as was formerly sup­ 
posed.

During geologic exploration of northern Nye County, 
Nev., F. J. Kleinhampl discovered in the Hot Creek 
Kange a sequence of Paleozoic rocks having affinities 
with both eastern (miogeosynclinal) and western 
(eugeosynclinal) f acies farther north in Nevada. These 
transitional rocks consist of siliceous shale and siltstone, 
argillite, chert, subgraywacke, and shaly to massive 
limestone. Locally the transitional rocks rest on car­ 
bonate rocks of the eastern facies in a thrust relation 
similar to that along the Koberts Mountains thrust 
farther north.

A search by R. C. Douglass of exposed strata repre­ 
senting geologic time near the Pennsylvanian-Permian 
boundary in an area south of Ely, Nev., indicated that 
Upper Pennsylvanian rocks probably are discontinuous. 
Kocks of Late Pennsylvanian age have been found in a 
limited area east of Lund, but not in most of the exposed 
sections in the main body of the Egan Kange.

R. E. Wallace, N. J. Silberling, and D. B. Tatlock dis­ 
covered a boulder conglomerate in the Rochester Rhyo- 
lite near Cottonwood Canyon in the Humboldt Range, 
western Nevada. The conglomerate contains princi­ 
pally rhyolite clasts of Kiopato Group rocks, but also 
.some clasts of quartzite and some sandy limestone. 
Nearby active erosion of the Kiopato volcanic pile is 
implied as well as exposure to erosion of older Paleo­ 
zoic rocks.

Overthrust Ordovician, Silurian, and Devonian rocks 
and post-thrust Lower Mississippian rocks in the Rail­ 
road district near Carlin, Nev., have been studied and 
analyzed by K. B. Ketner and J. Fred Smith, Jr., (Art. 
13) and found to be largely siliceous mudstones con­ 
taining 63 to 94.5 percent SiO2 and 1.1 to 13.0 percent 
A12O3 .

Structural geology in Nevada

The complex structural geology of Nevada continues 
to be a major challenge, and several important analyses 
and interpretations highlighted this year's progress. 
For example, J. P. Albers and J. H. Stewart denned an 
oroclinal or horseshoe-shaped fold system in western 
Nevada, crudely marked by the Silver Peak and Palm­ 
etto Mountains and other arcuate ranges. This fold 
system implies large-scale lateral flexing as a major style 
of deformation along a northwest-trending zone 50 to 
100 miles wide and at least 250 miles long adjoining 
the Sierra Nevada on the east. The Walker Lane, de- 

i scribed by Locke, Billingsley, and Mayo,53 is included

 " Locke, Augustus, Billingsley, P. R., andl Mayo, E. B., 1940, Sierra 
i Nevada tectonic patterns: Geol. Soc. America Bull., v. 51, p. 513-539.

within this zone. The oroclinal flexing, together with 
at least three major strike-slip faults distributed across 
the zone, indicates that the zone is one of extreme struc­ 
tural mobility and a "hinge-line" of major importance 
in the western Cordillera.

Low-angle faults of various types have been identi­ 
fied in more and more areas of the eastern Basin and 
Range province. In the Schell Creek Range southeast 
of Ely, Nev., Harald Drewes has distinguished low- 
angle gravity faults, formed near the surface, from low- 
angle thrust faults, and has found that relatively young 
normal faults are locally deflected along segments of 
major thrust faults. In the Snake Range, D. H. White- 
bread has recognized a major decollement thrust, and 
from a structural analysis has found that the thrust 
truncates the upper part of the large granitic mass in 
the range. The intrusive rocks are from middle to late 
Mesozoic age; thus Whitebread believes that the fault­ 
ing probably is no older than Cretaceous.

An analysis of structure of the Diamond Mountains 
of eastern Nevada by D. A. Brew shows in the south- 
central part of the range a concentration of asymmetri­ 
cal and overturned folds, characterized by west-dipping 
axial planes, which together with stratigraphic evidence 
implies relatively greater structural shortening than 
elsewhere in the range. At Black Point, near the south­ 
west end of the more compressed block, T. B. Nolan has 
identified west-dipping thrusts and high-angle trans­ 
verse faults.

Volcanic rocks in Nevada

In a study of volcanic rocks near Beatty, Nev., H. R. 
Cornwall estimates that about 85 cubic miles of ash-flow 
material erupted from the larger of two calderas, meas­ 
uring 10 by 13 miles, and that the subsidence was about 
3,500 feet, measured along a fault on the east rim. The 
volume of the subsidence was about equal to the volume 
of the ash flow indicating that the caldera subsided 
by this amount to fill a void left by the extrusion of 
the ash flow.

An outgrowth of D. B. Tatlock's study of 
metasomatism of the Koipato volcanic rocks of the 
Humboldt Range and his reconnaissance of Pershing 
County, Nev., has been the recognition that silicic ex­ 
trusive rocks ranging in age from late Paleozoic to 
early Mesozoic are considerably more abundant and 
widespread in the western Cordillera than has been 
previously suspected. Almost all these silicic rocks ex­ 
hibit an extreme ratio in alkali content, rather being 
either highly potassic or highly sodic. In contrast, un­ 
altered Cenozoic salic volcanic rocks exhibit a ratio near 
1:1 in alkali content.

J. W. Allingham has found that in the Nevada Test 
Site of southern Nevada the Oak Spring tuff sequence
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locally has strong remanent magnetization, and he be­ 
lieves that large negative magnetic anomalies in the area 
are underlain by some unit of the Oak Spring Group 
which has reverse remanent magnetization.

A large magnetic anomaly in central Nevada was 
found by D. R. Mabey in an aeromagnetic study of the 
Roberts Creek Mountains, Cortez Range, and the 
northern Shoshone Range. The anomaly correlates 
with a swarm of basaltic dikes and related flows which 
have been the subject of investigation by Harold Masur- 
sky in the Cortez Range, and the continuity of the 
anomaly from range to range implies that the dike 
swarm has a similar continuity.

Stratigraphy and structural geology in Utah

In the Wasatch Range east of Salt Lake City, Utah, 
M. D. Crittenden, Jr. (Art. 24), has found that 
stratigraphic units formerly believed to be of Jurassic 
age are in fact of Late Jurassic and Early Cretaceous 
age, and should be assigned to the Kelvin Formation. 
Crittenden redefines the Kelvin Formation to include 
two members.

An analysis of the structure of the Wasatch Range 
between the Traverse Range and Brigham City by Crit­ 
tenden emphasizes the influence upon later deformation 
exerted by the TJinta axis and the Wasatch line, both 
of which had their origin in late Precambrian time. 
After the west end of the Uinta trough was pushed deep 
into the crust beneath the Oquirrh basin, the block 
west of the Wasatch line was uplifted and slid eastward 
across the line onto the edge of the former shelf. At 
least four separate successive pulses of thrusting can 
be distinguished in the Wasatch, Oquirrh, and Stans- 
bury Mountains by the superposition or truncation of 
faults and folds.

According to E. W. Tooker and R. J. Roberts (2-63) 
an east-trending narrow zone of deformed rocks, the 
Pass Canyon sequence, underlies the North Oquirrh 
thrust in the Oquirrh Mountains south of Great Salt 
Lake, Utah, and is in turn separated from simply folded 
Bingham sequence rocks by the east-trending Pass Can­ 
yon thrust. Later, north and northwest-trending tear 
and normal faults cut all sequences.

Bouguer anomaly values obtained by D. R. Mabey 
increase north of the trace of the North Oquirrh thrust 
under the Rogers Canyon sequence, but are nearly con­ 
stant southward, suggesting that dense basement rock 
is closer to the surface under the Rogers Canyon se­ 
quence. Two explanations are offered: (1) basement 
rock may be displaced upward on the North Oquirrh 
thrust, or (2) overlying sediments thin rapidly north­ 
ward from the outcrop of the thrust. Magnetic data 
seem to eliminate the possibility that the gravity anom­

aly is caused by concealed intrusive rocks (Mabey and 
others, 2-63).

Stratigraphy and structural geology in California and 
Nevada

In an analysis of the Paleozoic stratigraphy of the 
Inyo Mountains, Calif., D. C. Ross (Art. 21) has de­ 
fined two new Upper Cambrian formations, the Lead 
Gulch Formation and the Tamarack Canyon Dolomite, 
which are tentatively correlated with the Nopah For­ 
mation. He also has proposed that the Mazourka Group 
of Middle and Early Ordovician age be raised to group 
status, and that Silurian facies in the Independence 
quadrangle be named the Vaughn Gulch Limestone.

In an investigation of the New York Butte quad­ 
rangle and adjacent areas in the Inyo Mountains, W. C. 
Smith has made a special study of Triassic rocks, and 
has found that two distinct units can be recognized. 
The older unit consists of marine limestone and shale 
as much as 3,000 feet thick and contains fossils of medial 
Early Triassic age near the 'bottom and fossils of earli­ 
est Middle Triassic age near the top. The younger 
unit, which consists of unfossiliferous continental sedi­ 
mentary and volcanic rocks, disconf ormably overlies the 
marine unit and is probably of Middle or Late Triassic 
age. The exposed section of the upper unit is at least 
7,000 feet thick.

T. W. Dibblee, Jr., has discovered in the Newberry 
Mountains of the central Mojave Desert that a great pile 
of lava flows, breccias, and fanglomerates, as much as 
15,000 feet in aggregate thickness, and of Miocene or 
older age, onlaps westward and southward against an 
erosion surface of enormous relief. Stratification planes 
within the pile intersect the underlying erosion surface 
at angles as high as 50° with no evidence of faulting. 
From this and other evidence Dibblee has concluded that 
the thick sequence rapidly accumulated adjacent to a 
very high rugged mountain range.

An abrupt change in the facies of Cambrian strata 
has been found by J. H. Stewart in the Eureka Valley 
and Last Chance Range region in the eastern part of 
Inyo County, Calif. In the southern part of this region 
the Cambrian sequence consists of the Wood Canyon, 
Zabriskie of Hazzard, 1937, Carrara, Bonanza King, 
and Nopah Formations, whereas in the northern part of 
the region, strata of comparable age but of different 
facies consists of the Campito, Poleta, Harkless, Mule 
Spring, and Emigrant Formations. Strata of these 
two facies lie within 10 to 15 miles of each other.

Similarly, D. C. Ross has found pronounced and 
rather rapid facies changes in Silurian rocks of the 
Independence quadrangle, eastern California, which 
reflect a northwestward change from the eastern car-
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bonate assemblage to a transitional assemblage (Art. 
21).

Study of the Middle Ordovician stratigraphy of 
southern Nevada and adjacent California by R. J. Ross 
indicates that the areas of deposition of all Middle 
Ordovician lithic units including the Palliseria-rich 
middle member of the Antelope Valley Limestone mi­ 
grated westward with time. In addition to westward 
movement, the area of deposition of the Eureka Quart- 
zite can be shown to have migrated southward along 
the miogeosynclinal tract, and Ross believes that this 
evidence indicates a northerly source for Middle Ordo­ 
vician sands rather than a strict cratonic eastern source 
as has been believed.

Cenozoic rocks and history in Utah

R. B. Morrison and G. M. Richmond have found in 
new excavations in the Bonneville shore terrace below 
the mouth of Little Cottonwood Canyon, Utah, that a 
mature soil was developed on till and outwash of the 
Bull Lake Glaciation. This evidence demonstrates a 
post-Bull Lake rise of the Bonneville shoreline, pre­ 
sumably during the Pinedale Glaciation.

At Little Valley near the southern end of Promontory 
Point, Utah, R. B. Morrison has recognized evidence of 
two pre-Lake Bonneville lake cycles which were com­ 
parable in magnitude to Lake Bonneville. The first 
of these major cycles is probably of Kansan age, the 
second probably of Illinoian age.

Elsewhere in the province, evidence of pre-Wisconsin, 
possibly Illinoian lakes also was discovered by G. I. 
Smith in the south part of Searles Valley, Calif., in addi­ 
tion to subsequent multiple lake cycles of early, middle, 
and late Wisconsin and Recent ages. Smith also finds 
that soil horizons present in the Searles Lake area cor­ 
relate in both stratigraphic position and relative inten­ 
sity with the soils found elsewhere in the western United 
States, and he supports the belief of Morrison and others 
that soils can be used as a "time line" during this part 
of geologic history.

COLUMBIA PLATEAU AND SNAKE RIVER PLAIN
Stratigraphy and paleontology in Oregon and Idaho

Reconnaissance mapping by G. W. Walker and C. A. 
|Repenning in the Steens Mountain area of southeastern 
Oregon helps to resolve the apparent conflict in previ­ 
ous concepts of stratigraphy in this region. Their map­ 
ping demonstrates that the Alvord Creek Formation, 
which contains a fossil flora described as Pliocene by 
Axelrod in 1944, is faulted and may correlate with beds 
that laps against the volcanic rocks of Steens Mountain. 
Also, near Fields to the south of Steens Mountain, they 
have collected fossil mammals of early to middle Plio­

cene age from gravel deposits formerly considered to 
be older Quaternary alluvium. These gravels lap and 
are faulted against the volcanic rocks of the Pueblo 
Mountains, and appear to be stratigraphically related 
to the Alvord Creek Formation. Previously, the Plio­ 
cene Alvord Creek Formation was thought to underlie 
the volcanic rocks of Steens Mountain; the volcanic 
rocks of Steens Mountain are now known to be Miocene 
and Oligocene (?) from evidence in other nearby locali­ 
ties.

In the structural block to the east of the Steens Moun­ 
tain-Pueblo Mountains block, the little-deformed Trout 
Creek Formation of Smith, 1926, contains two mammal 
faunas of late Miocene age. Overlying these beds are 
flows of dictytaxitic basalt that have been traced across 
undeformed exposures eastward into the vicinity of 
Rome, Oreg., where they underlie fossiliferous Pliocene 
sedimentary rocks.

Ammonites from the Wallowa Mountains of north­ 
eastern Oregon have been identified by Ralph W. Imlay 
as being of Early Jurassic age, thus establishing the first 
recognition of Jurassic in the Wallowa Mountains.

From the Snake River Canyon, Idaho, near the Ore­ 
gon-Washington boundary, ammonites are identified by 
Imlay as early Oxfordian (earliest Late Jurassic) age. 
Previously, beds of this age have not been identified from 
the Pacific Coast States farther south than British 
Columbia.

From his study of large collections of fossils from the 
lacustrine facies of the Glenns Ferry Formation, late 
Pliocene and early Pleistocene, of southwestern Idaho, 
Dwight W. Taylor reports (Malde and Powers, 1-62) 
that nearly all the fresh-water mollusks belong to extinct 
species (94 percent), and a large number belong to 
extinct genera. In degree of endemism, in the variety 
of species and genera, and in the great variety of in­ 
dividual forms, the Glenns Ferry mollusks are similar 
to those living in Lake Ohrid, Yugoslavia, and in Lakes 
Tanganyika and Nyassa, Africa, as well as to the fossil 
assemblages from the Pliocene deposits of the Pontian, 
Dacian, and Levantine basins of southeastern Europe.

Geologic aspects of Columbia Basin Irrigation Project 
in Washington

Reconnaissance mapping of the sediments in the area 
covered by the Columbia Basin Irrigation Project, 
Wash., by J. W. Bingham (see also p. A45) has 
shown the Touchet Beds of Flint to be present in the 
Quincy Basin above an altitude of 1,310 feet. The beds 
contain ice-rafted erratics up to about 1,350 feet, which 
indicates the presence of another glacial lake approxi­ 
mately 200 feet above glacial Lake Lewis. The clastic 
dikes in the Touchet have long been known, but new 
exposures in the Pasco Basin show the dikes to have a
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polygonal pattern in plan view, which suggests shrink­ 
age, possibly by drying. Also, several localities were 
found where clastic dikes of Touchet-type materials 
have penetrated the underlying caliche and Eingold 
Formation as much as 150 feet.

Geologic mapping by M. J. Grolier and cross sections 
compiled by J. W. Bingham show that the basalts ex­ 
posed in the Pasco Basin and the east end of the Saddle 
Mountains are stratigraphically above the Yakima 
Basalt. In the Othello Channels, three or more flows 
above the Yakima yield adequate water to most do­ 
mestic wells, but the average is less than for wells in the 
Yakima Basalt.

Natural radioactivity studies in Idaho

Natural radioactivity levels, determined from aerial 
survey measurements over the area of the National Re- 
actor Testing Station, Idaho, range from 2200 cps to 
200 cps. The highest radioactivity levels are associated 
with outcrops of silicic volcanic rocks, and the lowest 
level of activity was measured over alluvium along the 
northeast shore of American Falls reservoir.

The areal extent of some Quaternary lake sediments, 
and of Recent basalt flows is adequately outlined by the 
radioactivity data as interpreted by K. G. Bates. The 
uniform radioactivity levels of several of the Recent 
basalt flows suggests their origin from a common magma 
source, whereas variation of levels over several other 
Recent basalt flows suggests their origin from a number 
of differentiated sources.

PACIFIC COAST REGION
Washington

In the northeastern Olympic Mountains, a persistent 
fossil zone was discovered by W. M. Cady and N. S. 
MacLeod approximately 15,000 feet below the base of 
the Crescent Formation of early (?) and middle Eocene 
age. The fossil zone, which crops out intermittently 
for about 21 miles along the strike, is 500 to 1,000 feet 
thick, and is characterized by alternating thinly cross- 
laminated siltstone and finely brecciated black argillite 
containing fragments of megafossils. The fossils, 
which include Acila cf. A. decisa (Conrad), Crassa- 
tellaf sp., and Gemnwla? sp., were identified by W. O. 
Addicott and assigned a possible early Tertiary, Paleo- 
cene to Eocene age. The discovery shows that a con­ 
siderable part of the graywacke, argillite, slate, and 
mafic volcanic rocks that form the core of the Olympic 
Mountains is early Tertiary in age, rather than Creta- 
ceous(?) as previously thought.

Studies of surficial deposits in Mount Rainier Na­ 
tional Park by D. R. Crandell (Art. 36) revealed an 
unsorted till-like deposit overlying late Wisconsin drift

in the Paradise Peak area on the south side of Mount 
Rainier. The deposit is inferred to be a debris flow 
formed by an avalanche from the summit of the Mount 
Rainier volcano. This avalanche, as well as another 
that formed the apparently contemporaneous 4,800- 
year-old Osceola Mudflow on the northeast side of the 
volcano, possibly originated in an explosive eruption 
that destroyed the former summit of Mount Rainier.

Recently completed geologic mapping of the Glacier 
Peak quadrangle in the Northern Cascade Mountains 
by D. F. Crowder, R. W. Tabor, and A. B. Ford sug­ 
gests a common structural control for the feeders of the 
Glacier Peak volcano and the quartz diorite of the 
Cloudy Pass pluton. This pluton, which cuts Paleo- 
cene and older rocks, was intruded to a high level in the 
earth's crust. Biotite from the quartz diorite of the 
Cloudy Pass pluton gives a potassium-argon age of 
22±2 m.y. according to R. F. Marvin. Lead-alpha 
ages of zircon concentrates as reported by T. W. Stern 
support this age, although the lead-alpha method is 
not well adapted to such young rocks. A zone of stocks 
and dikes of quartz diorite and intrusive breccia extends 
southwest from the pluton across the regional strike and 
directly underneath the volcano, which consists of 
Quaternary lavas partly mantled by Recent pumice.

Geologic mapping by F. W. Cater, T. L. Wright, 
and D. F. Crowder in the Lucerne quadrangle has 
yielded additional data on the core of the Northern 
Cascade Mountains. Within this quadrangle the core 
is composed entirely of metamorphic rocks intruded by 
later plutons and dikes. The metamorphic rocks con­ 
sist of migmatite, gneiss, schist, quartzite, and a little 
marble. They have been derived from a sequence of 
volcanic and sedimentary rocks several miles thick, and 
they form the southwest limb of a large anticline. The 
plutonic rocks occur as roughly concordant northwest- 
trending masses of granodiorite and quartz diorite 
which are believed to be related to the Chelan batholith.

Oregon

In the northwestern part of the Oregon Coast Range, 
geologic mapping by P. D. Snavely, Jr., and H. C. 
Wagner, together with petrographic studies and an­ 
alysis of new chemical data, indicates that the sill of 
granophyric gabbro at Neahkahnie Mountain, its at­ 
tendant dikes, and an overlying thick sequence of pillow 
basalt and breccia, all belong to the same magmatic 
episode. Regional relations show the late Miocene age 
of the pillow basalt sequence, and hence of the Neah­ 
kahnie sill. As the sill is almost identical petrographi- 
cally and chemically with the large sills in the central 
part of the Oregon Coast Range, a late Miocene age is 
suggested for them also. The pillow lavas and breccia
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and the chilled border facies of the sills are very similar 
in mineralogy and chemical composition to the Yakima 
petrographic type of the Columbia River Basalt.

In a paper of regional scope, Snavely and Wagner 
(1-63) summarized the Tertiary geologic history of 
western Oregon and Washington, presenting much of 
their analysis graphically in a series of paleogeologic 
maps. At the beginning of the Tertiary Period, the 
area was the site of a north-trending eugeosyncline that 
extended southward from Vancouver Island to the 
Klamath Mountains. During early Eocene time, a thick 
sequence of tholeiitic pillow lavas and breccia was 
erupted from numerous fissures onto the floor of the 
rapidly subsiding eugeosyncline; these extrusive rocks 
interfingered with marine ashy silt and volcanic sands. 
In middle Eocene time, major uplift and erosion in the 
ancestral Klamath Mountains resulted in an influx into 
the southern part of the basin of great quantities of 
arkosic detritus, much of which was transported north­ 
ward into the deeper parts of the eugeosyncline by 
turbidity currents. In late Eocene time, local uplift 
and extrusion of alkalic basalt divided the geosyncline 
int6 several separate basins of deposition. Tuffaceous 
sandstone and siltstone accumulated within these basins 
from the late Eocene to the Pliocene, and the general 
axis of sedimentation shifted westward with time. 
Concurrently with the deposition of middle Miocene 
marine sediments, basalt flows and breccia were ex­ 
truded onto the sea floor from a north-trending group 
of vents near the strand line, and flood basalts of similar 
composition flowed down the Columbia River down- 
warp.

Coast Ranges and Klamath Mountains of California

Studies by Bailey, Irwin, and Jones 54 of the lithology 
and distribution of thick sequences of rocks of Late 
Jurassic and Cretaceous age in the California Coast 
[Ranges show that the rocks are divisible into two litho- 
logic asemblages: a eugeosynclinal assemblage which 
includes the Franciscan Formation, and a flysch-like 
assemblage which includes the strata of the Central 
Valley. They suggest that the eugeosynclinal rocks 
|were deposited directly on a mafic or ultramafic sub- 
(stratum, possibly in a basin formed by major crustal 
pifting,55 whereas the Flysch-like sequence was depos­ 
ited on the continental shelf and slope. The present 
distribution of these rocks cannot be explained by de- 

ositional facies changes alone, and therefore must be

M Bailey, B. H., Irwin, W. P., and Jones, D. L., 1963, Franciscan and 
related rocks and their significance in the geology of western Cali- 
I'ornia [preprint of abs. and map] : Sacramento Geol'. Soc. guidebook 
:'or field trip to Pacheco Pass. [In press]

K Bailey, E. H., 1963, Mesozoic sphenochasmic rifting along the San 
Andreas fault north of the Transverse Ranges [abs.] : Geol. Soc. 
America Cordilleran Section, 59th Mtg., Program, p. 18-19.

the result of major tectonic dislocations such as major 
east-west thrust faulting, large-scale strike-slip move- 

  ments, or combinations of these.
The major anomalies in a gravity survey by W. G. 

Clement of the northern part of the San Francisco Bay 
area come from density contrasts between Tertiary and 
pre-Tertiary rocks; and within the pre-Tertiary rocks, 
between Franciscan sedimentary rocks and interbedded 
volcanic rocks or intruded ultramafic rocks. There is 
no characteristic local gravity expression of the San 
Andreas fault. The downfaulted block of Tertiary 
rocks of the San Pablo basin gives a prominent negative 
anomaly, and the western gradient of this anomaly 
indicates that the Tolay fault is the northward ex­ 
tension of the Hayward-Wildcat fault zone.

Analysis by G. D. Bath of data from an aeromagnetic 
survey of the San Francisco Bay area shows that large 
masses of sandstone of Miocene, Pliocene, and Cre­ 
taceous age are sufficiently magnetic to produce 
anomalies of 10 to 60 gammas at an elevation of 1,000 
feet above the outcrops. The magnetization of col­ 
lected samples of sandstone indicates a content of 1 
percent magnetite; this magnetite content was verified 
by careful mineral separations from a few samples by 
Julius Schlocker. The ability of the airborne mag­ 
netometer to detect the near-surface position and to 
indicate the structure of large masses of magnetic sand­ 
stone offers an opportunity for low-cost exploration for 
oil and gas structures in adjacent areas covered by allu­ 
vium and water.

Geologic mapping by P. E. Hotz in the Condrey 
Mountain quadrangle, Siskiyou County, suggests that 
a metamorphic complex of amphibolite schist and mar­ 
ble, previously regarded as a regionally metamorphosed 
facies of the Applegate Group of Triassic age, is older 
than the weakly metamorphosed rocks of the Applegate 
Group, and is separated from them by a thrust or high- 
angle reverse fault. A large sill of granitic rock and 
many smaller igneous bodies have been emplaced along 
the fault.

Sierra Nevada, Cascade Range, and San Joaquin Valley 
in California

R. W. Kistler (1-63) has described an unusual cal- 
dera, approximately 8 miles in diameter, that causes 
an embayment in the eastern frontal scarp of the Sierra 
Nevada southeast of Mono Lake. The eastern edge of 
the caldera is marked by the Recent rhyolite domes of 
the Mono Craters, by Pleistocene basaltic cinder cones, 
and by andesitic flows of possible Tertiary age. The 
western edge is a vertical shear zone, locally intruded 
by rhyolite dikes, that is the protoclastic border of a 
Cretaceous quartz monzonite pluton occupying the cen­ 
ter of the caldera.
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As the result of geologic studies in Yosemite National 
Park, D. L. Peck has outlined a series of 3 closely re­ 
lated granitic plutons that are exposed near Washburn 
Lake over an area of about 35 square miles. The plutons 
are arranged in plan like a target, with the youngest 
pluton at the center and the oldest at the rim. Each 
is separated by a sharp contact, along which schlieren 
and dikes indicate the relative ages. The core of the 
series is a body of felsic quartz monzonite porphyry, 
which is surrounded by a pluton of coarser grained, 
more mafic biotite quartz monzonite that contains 
abundant phenocrysts of K feldspar; this pluton in turn 
is bordered by a somewhat similar granitic rim that 
grades outward from biotite quartz monzonite to horn­ 
blende granodiorite. The series is thought to have 
formed from a single body of magma that solidified 
progressively inward from the margins; at two intervals 
during the solidification, the still-mobile core intruded 
the solidified outer margin, causing sharp contacts be­ 
tween the members of the granitic series. Later the en­ 
tire series was bisected by a Half Dome Quartz Monzo­ 
nite dike, 1 to 2 miles wide, which forms the walls of the 
Merced Eiver Canyon.

Current work by N. K. Huber and C. D. Einehart 
shows that the Cenozoic volcanic history of the Mam­ 
moth Lakes area of the Sierra Nevada is much more 
complex than previously recognized, and includes at 
least 10 separate episodes of volcanic activity ranging 
in age from Pliocene to Recent. Conclusions reached 
in the current study are similar to Matthes' original 
interpretations of the development of the San Joaquin 
drainage system and the age of the "Broad Valley" 
and "Mountain Valley" erosion surfaces, thus differing 
from recently published suggestions that these surfaces 
are both Pleistocene in age. One of the more interesting 
volcanic formations in the area is a basaltic flow that 
locally exhibits extraordinarily well developed 
columnar jointing, the most striking exposure of which 
has been dedicated as the Devils Postpile National 
Monument. Earlier workers concluded that the flow 
was erupted during the last interglacial epoch, but 
potassium-argon dating now indicates that it is older 
and that it was erupted approximately 1 million years 
ago.

A narrow gravity anomaly of 30-mgals amplitude in 
northern Owens Valley was described by Pakiser and 
Kane.56 Geologic mapping by Bateman (2-62) and 
analysis of the anomaly show that the valley is under­ 
lain by a narrow trough filled with Cenozoic clastic 
deposits to depths as great as 8,000 feet. The eastern 
side of the trough is bounded by a near-linear fault zone

wpafclser, L. C., and Kane, M. F., 1962, Geophysical study of 
Cenozoic geologic structures of northern Owens Valley, California: 
Geophysics, V, 27, p. 334-342,

at the base of the White Mountains, but the western 
boundary is more complex and irregular, the expression 
of both block faulting and warping. Near Bishop the 
base of the trough is 5,000 feet below the eastern side 
of the valley; to the west the base rises gradually to 
merge with the surface of the Coyote downwarp.

A Bouguer gravity anomaly with total amplitude of 
about 90 mgal was mapped by T. E. LaFehr and L. C. 
Pakiser across the Klamath Mountain-Cascade Eange 
boundary in north-central California. Gravity gradi­ 
ents average about 6 mgal per mile and in places are as 
steep as 10 mgal per mile. The residual gravity 
anomaly is a broad low, about -30 mgal in amplitude, 
which covers about 1,300 square miles in the vicinity of 
Mt. Shasta. Preliminary depth calculations^ indicate 
that the mass deficiency causing the gravity low must 
be largely within the upper 9 miles of the earth's crust, 
and that the top surface of the density contrast is prob­ 
ably less than 6 miles deep. The investigation suggests 
that the Mt. Shasta part of the Southern Cascades is 
in approximate isostatic equilibrium.

Oliver and Mabey 5T have prepared a Bouguer gravity 
map of east-central California using about 11,000 grav­ 
ity stations, which range from -14 to -274 mgal. 
Gravity lows in the San Joaquin Valley and over* local 
basins south and east of the Sierra Nevada are produced 
by large thicknesses of Upper Cretaceous and Cenozoic 
deposits. A large regional gravity low over the Sierra 
Nevada can be explained by isostatic compensation of 
the range together with the effects of the relatively low- 
density rocks of the Sierra Nevada batholith. A broad 
gravity ridge along the east side of the San Joaquin 
Valley correlates with a similar magnetic ridge, sug­ 
gesting that both are caused by dense, magnetic rocks 
at an estimated depth of 5-10 miles.

In an investigation of the ground-water resources 
of the Kings and Kaweah Eiver alluvial fans of the 
east-central San Joaquin Valley, M. G. Croft divided 
the late Tertiary and Quaternary deposits into 2 units. 
The upper unit is coarser than the lower, and both 
interfinger with 5 lacustrine deposits in the valley 
trough. The maximum depth to the base of the upper 
unit is TOO feet and to the base of the lower unit is 
3,000 feet.

Four extensive lacustrine clay zones, 2 in the upper 
unit and 2 in the lower unit, subdivide the alluvial de­ 
posits; the lower clay zone of the upper unit is the 
Corcoran Clay Member of the Tulare Formation.

G. H. Da vis and J. H. Green (2-62) interpret the 
thick lacustrine deposits in the trough of the San Joa­ 
quin Valley at Tulare Lake Bed as indicating continued

57 Oliver, H. W., and Mabey, D. R., 1963, The anomalous gravity field 
in east-central California; Geol. Soc. America Bull, [In press]
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downwarping of a synclinal structure paralleling the 
Kettleman Hills anticline during the time interval 
represented by the upper 3,000 feet of deposits. In 
the axis of the syncline the structural closure on the top 
of the Corcoran Clay Member of the Tulare Formation 
is about 300 feet compared to a topographic closure of 
about 30 feet at the surface.

R. E. Miller, in land-subsidence investigations of the 
central west side of the San Joaquin Valley recognized 
three widespread lacustrine zones in the late Tertiary 
and Quaternary section. The uppermost is represented 
by the Corcoran .Clay Member of the Tulare Formation 
and the lowermost forms the basal zone of the Tulare.

Studies by R. J. Janda indicate that water-laid rhyo- 
litic ash exposed near Friant, on the east side of the 
San Joaquin Valley, is within the upper unit of the 
Pleistocene Turlock Lake Formation of Davis and Hall 
(1959), an alluvial-fan deposit of pre-Tahoe age, and 
that the ash is correlative with the lacustrine Corcoran 
Clay Member of the Tulare Formation of Pliocene and 
Pleistocene (?) age. The Corcoran is a useful marker 
horizon that has been identified beneath a large part of 
the San Joaquin Valley on the basis of electric logs. 
Examination of core from drill holes near Madera shows 
that ash petrographically identical to that near Friant 
forms a 6-inch-thick layer in the Corcoran and occurs 
as reworked ash in clastic deposits overlying the clay; 
shards of similar ash were identified in specimens of the 
clay from outcrops on the west side of the valley near 
Los Banos. G. B. Dalrymple reports that sanidine 
crystals from pumice pebbles in the upper part of the 
ash near Friant yield a potassium-argon age of 580,000 
years.

J. H. Green, mapping the late Tertiary and Quater­ 
nary deposits along the west border of the San Joaquin 
Valley, was able to separate the Jacalitos and Etche- 
goin Formations (Pliocene) as far north as Arroyo 
Ciervo, 25 miles north of Coalinga. Earlier workers 
had not differentiated these units north of the Coalinga 
district.

Marine strata of late Pliocene age were recognized 
for the first time along the eastern side of the San Joa­ 
quin Valley by R. L. Klausing and K. E. Lohman in 
core from a drill hole near Richgrove, about 30 miles 
north of Bakersfield. Siltstone beds at a depth of 1,100 
to 1,600 feet below land surface, which were formerly 
assigned to the Etchegoin and Chanac Formations, 
yield an extensive diatom assemblage similar to that of 
the Pliocene San Joaquin Formation in the Kettleman 
Hills.

ALASKA
Figure 3 is an index map of Alaska showing the 

boundaries of the regions referred to in the following 
summary of scientific and economic findings of recent 
geologic and geophysical studies.

Northern Alaska

A small but significant group of fossil plants collected 
by I. L. Tailleur from the coal section underlying the 
Lisburne Group near Cape Dyer, Alaska, are of the 
Adiantites-Lepidodendropsis complex, according to S. 
H. Mamay, and clearly indicate early Mississippian age. 
The assemblage is tentatively referred to floral zone 2 
of Read and Mamay 58 and is the northernmost-known 
extension of the Mississippian flora. J. T. Dutro, Jr., 
identified invertebrates of Late Mississippian age near 
the base of the Lisburne Group. Because the carbonate- 
paralic contact seems to be at a somewhat lower level in 
the Lower Mississippian at Cape Thompson, 35 miles 
south, a northerly transgression of marine conditions 
during Early Mississippian time is inferred by Tailleur.

Also, according to Tailleur, analysis of seven channel 
samples representative of this coal section shows that 
the coal is high-rank bituminous in grade, comparable 
in composition to steam coals mined in the conterminous 
United States.

Twenty-five collections containing a total of 19 spe­ 
cies of fossil fresh-water and land-dwelling mollusks 
were made by D. S. McCulloch from deposits of late 
Illinoian to Recent age in the Kotzebue Sound area of 
western Alaska. The faunas are all composed of spe­ 
cies now living in Alaska; they appear to contain more 
individuals and species during warm periods (Sanga- 
mon and a post-Wisconsin thaw period) than during 
glacial intervals; and they show shifts in distribution of 
species with changing ecological conditions.

McCulloch also collected a fossile marine mollusk 
fauna containing more than 60 species from sediments of 
a marine delta that crops out on the Baldwin Peninsula 
and north shore of Hotham Inlet in the Kotzebue Sound 
area. These deltaic sediments are stratigraphically 
well dated because they lie directly under, and were de­ 
formed by, Illinoian till. Their age is, therefore, pre- 
Illinoian and probably Yarmouth. However, F. 
Stearns MacNeil correlates the fauna with faunas of the 
Boreal Transgression in Chukotsk, to which the Rus­ 
sians assign a Sangamon age. Studies by Hopkins also 
showed that during the several times in the Pleistocene 
Epoch when sea level was lowered enough to bring a

68 Read, C. B., and: Mamay, S. H., 1960, Upper Paleozoic floral zones 
of the United States: Art. 176 in U.S. Geol. Survey Prof. Paper 400-B, 
p. B381-B383,
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land connection between Alaska and Siberia into exist­ 
ence, the resulting land bridge had permafrost and a 
severe climate and supported only tundra vegetation.

West-central Alaska

According to Helen Duncan, the identification of the 
unusual fossil Aphrosalpinx, regarded as an archaeo- 
cyathid by Russian specialists, points to the presence of 
Silurian rocks in the McGrath region. This fossil has 
been recorded from a number of localities in the central 
and northern Ural Mountains where the enclosing strata 
are considered to be of Ludlow age. Middle Ordovician 
ostracodes, some belonging to European genera not com­ 
mon elsewhere in North America, have also been identi­ 
fied by Jean Berdan from samples taken in the McGrath 
region.

Geologic mapping by J. M. Hoare and W. H. Condon 
in western Alaska reveals that laumontite is developed 
on a regional scale in sandstones of middle Cretaceous 
age in the Koyukuk geosyncline. Laumontitized strata 
are exposed over an area of 2,000 to 2,500 square miles. 
The altered strata, which are probably a few thousand 
feet thick, may be recognized in the field by their mottled 
or speckled appearance. Field relations indicate that 
the laumontite formed under diagenetic conditions at 
the expense of volcanic ash.

Mapping by W. W. Patton, Jr., and A. R. Tagg dem­ 
onstrated that a marked difference in the character of 
the Koyukuk basin occurs across the Kaltag fault. 
North of the fault, which transects the basin between 
Kaltag and Unalakleet, the sedimentary rocks of the 
Cretaceous basin are relatively free of igneous rocks. 
South of the fault, however, both volcanic and plutonic 
rocks are widespread. Three and perhaps four epi­ 
sodes of volcanism (Valanginian, Albian-Cenomanian, 
(?)Late Cretaceous-Tertiary, and Pleistocene) and at 
least one episode of plutonism (Valanginian-Al- 
bian( ?)) were recognized. The abundance of igneous 
rock makes the petroleum possibilities of the basin south 
of the fault much less promising than north of the fault.

New information was gathered on the history of the 
Bering land bridge in the course of a paleomagnetic and 
Pleistocene stratigraphic study of the Pribilof Islands 
by D. M. Hopkins and A. V. Cox. The islands lie at the 
edge of the continental shelf in the southeastern Bering 
Sea. The investigation showed that St. Paul Island 
was built up above sea level by volcanic eruptions that 
took place entirely within the present normal polarity 
epoch (Ni). St. George Island is much older; only a 
few of its lava flows and cinder cones are as young as 
the last period when the earth's magnetic field was re­ 
versed (polarity epoch Hi), and the bulk of the island 
consists of lava flows erupted during the next previous 
normal and reversed polarity epochs (N2 and R2)   The

oldest recognized lava flows of the R2 polarity epoch on 
St. George Island rest upon fossiliferous marine gravel. 
The gravel contains a fauna comparable to that from 
Submarine Beach at Nome and from the oldest part of 
the Gubik Formation of the Arctic Coastal Plain of 
Alaska, both of which are considered by Hopkins and 
F. S. MacNeil to be of earliest Pleistocene age, and both 
clearly were deposited after the present marine basins of 
the Bering and Chukchi Seas came into existence. 
Thus the first opening of a marine connection between 
the Pacific Ocean and the Arctic Ocean in the Bering 
Sea area took place at least as long ago as polarity- 
reversal epoch R2 .

East-central Alaska

The rocks in eastern Survey Pass quadrangle are 
lithologically correlated by W. P. Brosge and H. N. 
Reiser, with the Devonian and Devonian (?) sequence 
they established in the Chandalar quadrangle (see Prof. 
Paper 424-A p. A42). If this correlation is valid, 
they believe that the sequence of rocks that overlies the 
Ska jit Limestone in the synclinorium in the northeast­ 
ern Survey Pass and the northwestern Wiseman quad­ 
rangles can best be explained as a series of thrust plates 
that superimpose clastic rocks of approximately the 
same early Late Devonian age but of different facies.

Radiometric age analyses made for Bond Taber and 
D. M. Hopkins indicate that the relative ages of in­ 
trusive complexes in the Manley Hot Springs area are 
opposite to the age sequence assumed previously. Spec­ 
imens from one of the bodies in the Roughtop Moun­ 
tain intrusive complex have yielded a lead-alpha age of 
90 ± 10 m.y. and a potassium-argon age of 90 m.y., in­ 
dicating that the complex was intruded early in Late 
Cretaceous time; a specimen from the -Hot Springs 
Dome granite body, 12 miles to the south, has yielded a 
potassium-argon age of 60 m.y., indicating that it was 
intruded near the beginning of Paleocene time.

E. E. Brabb and Mr. Churkin, Jr., mapped the 
Charley River quadrangle and have found a prolific 
fauna of probable Early Devonian age, the first of this 
age to be reported from Alaska, in a siliceous shale and 
chert formation in the McCann Hill area, north of 
Eagle. Some ostracodes in the collections, identified 
by Jean Berdan, belong to European genera not com­ 
mon elsewhere in North America. The formation also 
contains Silurian and Ordovician graptolites in its 
lower part and overlies Cambrian limestone, indicating 
that the early Paleozoic sequence is nearly complete. 
The siliceous shale and chert formation is near a much 
thicker carbonate sequence of possibly the same age, 
suggesting either abrupt f acies change or major struc­ 
tural dislocation of f acies.
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Brabb and Churkin have used feldspar staining ef­ 
fectively in distinguishing coarse detrital rocks of sim­ 
ilar appearance but different age. North of Tintina 
trench, potassium-bearing feldspar is common in rocks 
younger than middle Cretaceous but is absent in older 
rocks. Pollen studies by R. H. Tschudy in conjunction 
with the feldspar staining indicate that rocks of Late 
Cretaceous age, not previously recognized in the quad­ 
rangle, crop out along the Nation River and probably 
also along the Kandik River.

Helen L. Foster has found a previously undescribed 
carbonaceous sedimentary formation south of the West 
Fork of the Dennison River near the Taylor Highway, 
Alaska. The age of the formation is probably Late 
Cretaceous or Tertiary. Lithologically the formation 
is similar to rocks previously reported on the north 
side of the Tanana River near Wolf Lake.

In the Tok Basin, Alaska, Henry R. Schmoll has 
found evidence that a large lake existed at some time 
during the Pleistocene. The lake level was at least as 
high as 2,100 feet in elevation. Schmoll also traced 
the position of a previously unmapped fault between 
the Mentasta Pass area and the Little Tok Basin. This 
fault is probably a segment or branch of the Denali 
fault.

Compilation of geologic quadrangle maps of the Fair­ 
banks A-2, A-3, A-4, and A-5, and the Healy D-2, D-3, 
and D-4 quadrangles by Clyde Wahrhaftig required 
correlating periglacial terraces on the Totatlanika 
River and Tatlanika Creek with the outwash terraces 
of the Nenana River described in Prof. Paper 293. 
When the correlations were made, longitudinal pro­ 
files of the streams and their terraces were constructed 
from topographic maps. Projected onto lines perpen­ 
dicular to the range front, the profiles show that the 
streams and their terraces have markedly different slopes 
and heights. The present slopes of the streams bear an 
inverse relation to discharge, but the differences between 
the present stream gradients and the slopes of the ter­ 
races are in good agreement on all three streams for 
terraces of a given age. These differences in slope are 
presumably due to tilting of the range since the ter­ 
races were formed, and confirm Wahrhaftig's idea that 
the divergence in terrace slopes on the Nenana River is 
due to a northward tilting and uplift of the Alaska 
Range that w#s continuous throughout the Pleistocene.

The east-trending belt of sharp magnetic anomalies 
in the central part of the Tanana lowland, together 
with exposures of basement rocks in the Wood River 
Buttes, Clear Creek Butte, and the hills around Blair 
Lake, indicate to Gordon E. Andreason that the possible 
area of a sedimentary basin beneath the eastern part of 
the Tanana Flats is small. The Nenana Gravel prob­

ably pinches out northward either by thinning or by 
erosion between the Japan Hills and lat. 64°20' N. In­ 
asmuch as the Nenana is a continental formation and 
rests directly on schist, there is little room for an oil- 
bearing basin in the Tanana lowland east of long. 148° 
15' W. Nothing is known about the oil possibilities in 
the western part of the lowland, but they are reduced by 
the conclusions of this investigation.

David F. Barnes has nearly completed a regional 
gravity survey of a 50,000-square-mile area that includes 
the valleys of the Copper, Susitna, and Tanana Rivers. 
Several negative anomalies within this area suggest 
significant thicknesses of Tertiary sediments.

Radiocarbon dating by Meyer Rubin of fossiliferous 
unconsolidated sediment in the Manley Hot Springs 
area studied by D. M. Hopkins shows that a major cycle 
of gullying on slopes and redeposition in valleys took 
place in the Tof ty placer district more than 50 years ago 
and less than 200 years ago. Fossils recording a tundra 
environment, studied by C. A. Repenning, were re­ 
worked from older loess on nearby slopes and redepos- 
ited in the valley bottom as a consequence of this recent 
cycle of gullying and alluviation. The gullying prob­ 
ably was a consequence of widespread forest fires that 
swept the western Yukon-Tanana upland during the 
earliest years of white occupation, late in the 19th cen­ 
tury or early in the 20th century.

Southwest Alaska

The outer Shumagin Islands, which jut 65 miles 
into the North Pacific from the western part of the 
Alaska Peninsula, were briefly studied by Arthur 
Grantz (Art. 27). They consist of slaty argillite and 
gray wacke of late Mesozoic age and biotite granodiorite 
which has intruded them. These rocks are an extension 
of the belt of similar rocks in the Chugach Mountains 
and on Kodiak Island.

Biotite and hornblende from a sample of granodiorite 
collected from the Aleutian Range batholith were dated 
by the potassium-argon method. A IPVAr40 age of 
158 ±8 m.y. for the biotite was reported by G. J. Was- 
serburg, G. Donald Eberlein, and Marvin A. Lanphere 
(1-63). A replicate analysis of the biotite yielded an 
age of 160 ± 8 m.y. The hornblende yielded a KVAr40 
age of 168 ± 8 m.y. These isotopic dates are consistent 
with stratigraphic evidence of an early Middle Jurassic 
(Bajocian) age for the intrusion according to R. L. 
Detterman and B. L. Reed.

The Tuxedni Formation is raised to group rank as a 
result of Detterman's studies in the Cook Inlet region 
(Art. 68). Names are given to formerly unnamedfnem- 
bers and all members are raised to formation rank.

A fault believed responsible for a major earthquake 
in 1880 was discovered in the course of a study of Chi-



ALASKA A103

rikof Island, Alaska, by G. W. Moore. Approximately 
6 feet of vertical displacement is shown along the fault; 
and 40 square miles of the island and an unknown area 
of the sea floor were tilted. A resident living 3 miles 
from the fault recorded that the earthquake took place 
at 6:00 p.m., September 28, 1880. He wrote that the 
floor of his log cabin was twisted out of shape, deep 
cracks opened in the earth, stream drainage was dis­ 
rupted, and the tide did not rise as high as it had before 
the shock. Aftershocks continued over a wide area of 
Alaska for about a month following the earthquake. 
Chirikof Island was subsequently abandoned until 
recent years, and the geology remained unknown until 
the present study.

Southern Alaska

In the southern Wrangell Mountains, E. M. Mac- 
Kevett, Jr., H. C. Berg, and George Plafker have dis­ 
covered several previously unmapped Tertiary plutons. 
In one of these they found copper mineralization, the 
first report of Tertiary copper mineralization in the 
region of the famous Kennecott copper deposits which 
are in Triassic carbonate rocks. Their mapping also 
indicates that structural features, especially thrust 
faults, were more important in localizing the major 
copper deposits than previously realized. Fossils iden­ 
tified by N. J. Silberling show that the Nikolai Green­ 
stone is probably late Middle or early Late Triassic in 
age, rather than its previous designation of Permian 
and Triassic(?).

Six potassium-argon ages of biotite and four lead- 
alpha ages of zircon indicate that the Kosina batholith 
of the eastern Talkeetna Mountains, Alaska, is about 
160-165 million years old, Arthur Grantz reports (Art. 
16). The batholith is post-Toarcian (Early Jurassic) 
and pre-Oxfordian (Late Jurassic) in age, and the 
sedimentary record suggests it was intruded very early 
in Middle Jurassic time. The data thus suggest a tie 
between the Toarcian-Oxfordian interval (and perhaps 
the Early-Middle Jurassic boundary) on the strati- 
graphic time scale and about 160-165 million years on 
the radioactivity time scale.

New collections of fossil plants made by Jack A. 
Wolfe and D. M. Hopkins from 50 localities in the Cook 
Inlet Basin and Matanuska Valley have led to a better 
understanding of the Tertiary stratigraphy of south- 
central Alaska. The Chickaloon Formation has yielded 
a rich subtropical flora of Paleocene age, similar to the 
Paleocene floras of Greenland and conterminous United 
States. The Tsadaka Formation, on the basis of its 
flora, is apparently a laterally equivalent facies of the 
oil- and gas-bearing Kenai Formation. The latter unit 
contains at least three distinct floral zones, ranging in 
age from late Oligocene through early Miocene.

Numerous diamicton units interbedded with stratified 
lacustrine sediments were noted by Oscar J. Ferrians, 
Jr., (Art. 91), within the unconsolidated deposits of 
Pleistocene age in the Copper River basin, Alaska. The 
character, the stratigraphic relations, and the distribu­ 
tion of these deposits indicate that many of the diamic­ 
ton units were deposited in a lacustrine environment, 
and that turbidity currents and subaqueous mudflows 
were important as agents of deposition. Commonly the 
diamicton is till-like in character.

Southeastern Alaska

Mapping on Baranof Island by R. A. Loney, D. A. 
Brew, L. J. P. Muffler, and J. S. Pomeroy has shown 
the island to consist mostly of generally northwest- 
striking highly deformed low-grade regionally meta­ 
morphosed rocks of probable Mesozoic and, in part, 
possible late Paleozoic age that are intruded by several 
granitic complexes with accompanying thermal meta- 
morphism. Higher grade regionally metamorphosed 
rocks of the almandine amphibolite facies occur in two 
areas in the central and southern parts of the island. 
Several previously unknown small masses of peridotite 
and associated gabbro were mapped in a belt extending 
northwestward from the large dunite and pyroxenite 
intrusion at Red Bluff Bay on Baranof Island, but no 
potentially economic mineralization was found. A nar­ 
row parallel belt of tectonically intruded serpentinite 
bodies of varying sizes occurs a few miles to the west, 
and numerous individual bodies have been mapped. 
About S1/^ miles of right-lateral separation is present 
along the north-northwest-striking Patterson Bay fault 
near where it is inferred to join the Chatham Strait- 
Lynn Canal lineament on the east side of Baranof Is­ 
land. This displacement is probably strike slip in na­ 
ture, and its sense is the same as that postulated for the 
lineament by Pierre St. Amand in 1957.

Joints, foliation, and faults influenced development 
of the ice-eroded deep fiords and valleys on Baranof 
Island (Art. 28). Northwest-trending linear topo­ 
graphic features parallel the generalized strike of the 
foliation, but are locally controlled by faults. North­ 
east-trending linear features parallel the generalized 
strike of several joint sets, but are locally influenced 
by faults.

Mesozoic stratigraphy of Alaska

A review of the fossil pelecypods Halobia, and Mono- 
tis by N. J. Silberling, based on collections made during 
1962 and on specimens from Geological Survey refer­ 
ence collections, indicates that more than a dozen spe­ 
cies of these genera can be distinguished in the Upper 
Triassic of Alaska and that in view of their widespread 
occurrence and restricted stratigraphic ranges, the po-

708-043 O 6S   8



A104 REGIONAL GEOLOGY

tential value of these forms for dating and correlating 
these rocks has hitherto not been fully utilized.

PUERTO RICO
The U.S. Geological Survey is cooperating with sev­ 

eral governmental agencies of the Commonwealth of 
Puerto Rico in a study of the geology, mineral resources, 
and water resources of Puerto Rico and in the prepara­ 
tion and revision of topographic maps.

Large faults near Barranquitas

The recently released geologic map of the Barran­ 
quitas quadrangle, Puerto Rico, by Reginald P. Briggs 
and Pedro A. Gelabert (1-62), describes a structurally 
complex area in the mountainous central part of Puerto 
Rico. Two types of large-scale movement were recog­ 
nized along faults in this area. In the northern part, 
apparent stratigraphic displacement across an east-west 
zone of faulting possibly exceeds 2 kilometers; this ap­ 
parent offset was interpreted as being in part the result 
of left-lateral strike-slip displacement of about 4 kilo­ 
meters; more recent work suggests that the amount of 
strike-slip displacement may be greater, possibly as 
much as 20 kilometers. Within this transcurrent fault 
area is a large graben. Vertical displacement on a 
northwest-striking high-angle reverse fault may be more 
than 21/£ kilometers. Displacements of such magni­ 
tudes have not been previously reported from Puerto 
Rico.

Age of intrusion of Utuado batholith

The age of the intrusive rocks of the Utuado batholith 
in central Puerto Rico has been determined as 50 to 
70 m.y. by T. W. Stern, using the lead-alpha method and 
as 62 to 68 m.y. by H. H. Thomas, R. V. Marvin, and F. 
Wathall using the potassium-argon method. These age 
determinations agree closely with the age of deforma­ 
tion in central Puerto Rico suggested by Mattson 59 on 
the basis of structural analysis and paleontology.

Serpentine

The Geological Survey cooperated with the AMSOC 
(Mohole) Committee of the National Research Council 
in studies of a core hole drilled to a depth of 1,000 feet 
in one of several serpentine masses in extreme western 
Puerto Rico. P. H. Mattson, who logged the hole and 
studied the core, interprets the serpentine as being 
altered from augite harzburgite and from dunite. The 
rock is highly sheared and possesses a well-developed 
foliation inclined about 60°. Geophysical studies made 
by Andrew Griscom and R. W. Bromery show that

w Mattson, P. H., 1962, Unconformity between Cretaceous and Eocene 
rocks In central Puerto Rico [aba.] : Caribbean Geol. Conf., 3d, Program, 
Kingston, Jamaica, p. 29.

gravity minimums and aeromagnetic maximums are 
associated with all the serpentine masses. Measure­ 
ments of physical properties of the serpentine are in 
progress in order to compute from the geophysical data 
the shapes of these controversial bodies.

Paleontology

The Cretaceous rocks of the Caribbean area have 
yielded few fossils save those that can be studied in cut 
and polished sections of limestone. Several localities in 
the Sabana Grande quadrangle of southwestern Puerto 
Rico have yielded silicified fossils. N. F. Sohl reports 
that on preliminary count the fossils from these locali­ 
ties have more than doubled the number of molluscan 
species known from the whole of the Caribbean Creta­ 
ceous. Among the fossils are a number representing 
genera not previously known from this hemisphere. 
One specimen of Haliotis represents only the second in­ 
contestable occurrence of the superf arnily in pre-Terti- 
ary rocks. The largest collection is assignable to the 
Maestrichtian stage. A smaller collection consisting 
of an erratic block of limestone from a volcanic breccia, 
collected by Peter Mattson, contained a fauna that com­ 
pares with a similar silicified fauna from Guatemala 
that has been dated as early Cenomanian. Recent col­ 
lecting by Sohl from elsewhere in Puerto Rico has re­ 
sulted in the discovery of other species that are aiding 
in the correlation of the Puerto Rico Cretaceous se­ 
quence with that of the other Antillean islands and 
Central America. ,One such species is Ostrea ari&ipen- 
sis Bose, which has been found at several localities in 
the Sabana Grande and Orocovis quadrangles in Puerto 
Rico, in the higher Cretaceous beds in Cuba, in Jamaica, 
and in its type area in Mexico.

Samples of material from the Cibao Formation, 
northern Puerto Rico, have yielded an interesting fauna 
of larger Foraminifera dominated by numerous mega- 
lospheric specimens of Lepidocyclina (Eulepidina) wi- 
dosa Cushman with multilocular embryonic chambers. 
Detailed analysis of these specimens by K. N. Sachs, Jr., 
and comparison with types of L. (E.) undosa suggests 
that the distinct embryonic apparati of the Puerto Rican 
specimens are the result of joining of a number of pro- 
loculi of megalospheric gamonts, with the subsequent 
formation of a single, common duteroloculus. Subse­ 
quent development of the individual is normal, produc­ 
ing adult structures the same as typical L. imdosa. 
Joining of the proloculi rather than normal growth as 
discrete individuals is not considered normal, and is 
probably due to some external factor. Therefore, this 
feature should not be used as a criterion for the distinc­ 
tion of such subgenera as Eulepidina and Pliolepidina.
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ANTARCTICA
The Transantarctic Mountains (fig. 4), a 2,000-mile- 

long chain of mountains that crosses Antarctica from 
the Ross Sea to the Weddell Sea, has been the scene of 
ever-increasing geologic study since the International 
Geophysical Year. The U.S. Geological Survey began 
field work in this mountain system west of McMurdo 
Sound during the 1958-59 southern summer. The ex­ 
pansion of logistical capabilities by U.S. Navy Opera­ 
tion Deep Freeze in following years has allowed field 
studies in the remoter ranges in the interior. The Thiel 
Mountains were mapped in the 1960-61 and 1961-62 
seasons and the southernmost parts of the Pensacola 
Mountains in the summer of 1962-63. In addition to 
studies in the Transantarctic Mountains, Survey geol­ 
ogists accompanied icebreaker expeditions along the 
coasts of the Bellingshausen Sea in 1960 and 1961 and 
on the 1959-60 Marie Byrd Land oversnow traverse. 
Antarctic studies are carried out in cooperation with 
the U.S. Antarctic Kesearch Program of the National 
Science Foundation. Topographic mapping is dis­ 
cussed starting on page A192.

Geology of the southern Pensacola Mountains

The Pensacola Mountains are a 250-by-50-mile, north- 
northeast-trending mountain group that lies along the 
southeast margin of the Filchner Ice Shelf. The two 
main northern ranges of this mountain group, the Nep­ 
tune and Forrestal Ranges, are separated from the 
southern one, the Patuxent Mountains, by a 40-mile- 
wide polar outlet glacier that flows northwesterly into 
the ice shelf.

The Dufek Massif area at the northernmost end of 
the Neptune Range had been visited by an IGY traverse 
party in 1957-58 but little was known of the more remote 
southern parts of the Pensacola Mountains until they 
were photographed by U.S. Navy aircraft during the 
1961-62 season. The geology of the Patuxent Moun­ 
tains was studied in 1962-63 by R. D. Brown, J. H. 
Dover, A. B. Ford, and D. L. Schmidt; glaciology was 
studied by W. W. Boyd, Jr.; and geodetic control for 
mapping was obtained by T. E. Taylor of the Topo­ 
graphic Division of the Survey.

The most widespread rock unit in the Patuxent Moun­ 
tains is a heterogeneous assemblage of unfossiliferous 
graywackes, siltstones, shales, and slates that has an 
areal extent of at least 2,500 square miles. The rocks 
are strongly folded and have well-developed mostly ver­ 
tical axial plane cleavage throughout the area. Carbo­ 
nate rocks at least 1,800 feet thick, which dip homo- 
clinically toward the south, make up several nunataks 
in the western part of the mountains. Flat lying 
quartzites, sandstones, siltstones, carbonaceous beds, and

FIGURE 4. Index map of Antarctica.

several sills of diabase are probably correlative with the 
well-known Beacon Formation and associated basic sills 
which are widely distributed throughout East 
Antarctica.

Glaciology and glacial geology of the southern Pensa­ 
cola Mountains

Firn temperatures and densities were measured in 
several pits and bore holes, including one 30-meter- 
deep bore hole. Mean annual air temperature at 3,000- 
feet elevation in the Patuxent Mountains is about -28°C. 
Stake lines were surveyed across several glaciers for 
movement and accumulation studies. Young and fresh 
morainal debris is widely scattered throughout the 
area, and in addition there are local deposits of much 
older, deeply weathered tills. Erratics and glacial 
striations on nunataks show that the ice sheet has been 
at least 500 meters higher than at present.

Geology of the Thiel Mountains

Cordierite-bearing, hypersthene-quartz monzonite 
porphyry is intruded by plutons of biotite granite and 
porphyritic biotite granite according to A. B. Ford and 
J. M. Aaron (1-62). Zircons in the quartz monzonite 
porphyry have been dated by the Larsen (lead-alpha) 
method at 620 ±70, and 530 ±60 million years (1-63). 
The charnockite-like nature of the rock suggests that 
the presumably Precambrian-age shield extends into 
West Antarctica from East Antarctica where charnock- 
ites are common. Radiometric age studies on these 
rocks and on the intrusive granites are being continued 
by S. S. Goldich and T. W. Stem (see p. A152).
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Preliminary results suggest that granite emplacement 
occurred in early Paleozoic time.

Glaciology and glacial geology of the Thiel Mountains

The continental climate of the area, 500 kilometers 
from the South Pole and 1100 kilometers from the ocean, 
is characterized by a mean annual temperature of 
  36°C. and an annual snow accumulation equivalent 
to 17 centimeters of water according to Bjorn G. An­ 
dersen (Art. 37). The flow of the continental ice sheet 
is very slow, probably less than 5 meters per year. 
High-level striae and erratics indicate that the ice was 
formerly at least 500 meters thicker than at present.

Geologic reconnaissance of the Eights Coast

Laboratory study by A. A. Drake, Jr., of specimens 
collected during the United States 1961 icebreaker ex­ 
pedition to the Bellingshausen Sea, and collected from 
Thurston Island in 1960 60 confirms the petrologic 
continuity of a body of batholithic dimensions. This 
batholith, although composite, is predominantly quartz 
diorite and has granodiorite and adamellite phases. 
These rocks are petrochemically dissimilar to those of 
known Andean age from the Palmer Peninsula.

60 Craddock, Campbell, and Hubbard. H. A., 1961, Preliminary geologic 
report on the 1960 U.S. expedition to Bellingshausen Sea: Science, 
v. 133, no. 3456, p. 886-887.

The metamorphic rock found near lat 72°35'37" S., 
long 95°07'00/ ' W. was found to be a leucocratic augite 
norite that has been intruded and metamorphosed by 
the quartz diorite.

Pink fine- to medium-grained granitic rock was found 
in float at three places along the Eights Coast, east of 
Thurston Island. This rock ranges in composition from 
granodiorite to granite and is characterized by abundant 
myrmekite. One specimen contains an inclusion of 
white quartz diorite typical of the Eights Coast. The 
pink granitic rock is remarkably similar to a specimen, 
furnished by Martin Halpern of the University of 
Wisconsin, of the typical plutonic rock at Gonzalez 
Videla, the Chilean base on Palmer Peninsula. This 
suggests that Andean plutonic activity may have ex­ 
tended to the Eights Coast region.

Coal studies

Prolonged exposure of coal to extremely dry atmos­ 
phere, high wind, and low temperature commonly re­ 
sults in unusually high oxygen and varying moisture 
content. Coal samples from the Ohio Range of the 
Horlick Mountains (about 75 miles west of the Thiel 
Mountains) have been found by James M. Schopf at 
the Survey's Coal Laboratory in Columbus, Ohio, to be 
less oxidized at a depth of 20 feet than at the surface.
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United States scientific and technical assistance to 
other countries in the fields of geology and hydrology 
has been carried out for the past two decades by the 
U.S. Geological Survey, under the auspices of the 
Agency for International Development of the U.S. 
Department of State, and of other national and inter­ 
national agencies.

Of primary importance to such work are the mutual 
benefits derived from close professional relationships 
developed between the Geological Survey and its coun­ 
terpart organizations throughout the world's earth- 
science community. These relationships among scien­ 
tists and engineers, and among the respective institu­ 
tions, facilitate the growth of the science, particularly 
with respect to economic geology and hydrology.

Any nation that wishes to utilize its natural resources 
effectively must develop its own cadre of competent, 
well-trained, and experienced earth scientists and engi­ 
neers. To this end, most projects described here in­ 
clude scientific and technical training during the course 
of the cooperative mineral and water investigations.

In response to requests for aid expressed by other 
governments, the Geological Survey extended assistance 
to 20 countries during Fiscal Year 1963 by sending 90 
specialists to those countries. In addition, 120 young 
geologists and engineers were brought to the United 
States for supplementary academic work in American 
universities, and for on-the-job training in water and 
mineral investigations and in photogrammetric and 
topographic mapping techniques.

Although the advisory and training activities are of 
major significance, they in themselves do not yield new 
geologic information and are not described here (see 
p. A263-A290 for a list of the activities). Some of 
the new information from cooperative field studies 
abroad is here summarized with emphasis on items of 
broad scientific and economic interest.

AFGHANISTAN
Surface-water studies in the Helmand River basin

A recent analysis of surface-water data in Afghanis­ 
tan by Eobert H. Brigham has led the Government of 
Afghanistan to adopt a schedule for operating the dams 
in the upper Helmand Eiver basin to insure adequate

flow for irrigation in downstream reaches, and indi­ 
rectly for use in neighboring Iran. Streamflow in the 
Helmand valley dropped to the lowest of record in late 
1962, and demonstrated to both Afghanistan and Iran 
the benefits of proper regulation of flow in the inter- 
tional Helmand River.

BOLIVIA
Engineering geology and mineral investigations

Ernest Dobrovolny's report (1-62) on the geology 
of La Paz valley supplies the construction engineer with 
new basic data about ground conditions which will 
greatly aid future city planning and development. Two 
special-purpose maps resulted from the detailed in­ 
vestigations of two sites where specific problems exist. 
The special-purpose map of the ground conditions in­ 
terprets the geologic map in terms of foundation con­ 
ditions, topography, hydrology, and lithology; it also 
indicates the kinds of problems that exist and suggests 
control measures to decrease hazards in urban construc­ 
tion. The special-purpose map of the ground-water 
conditions supplies data about permeability, physiog­ 
raphy, and topography, and about chemical composition 
and sources of ground water. Detailed investigations 
furnish data about critical landslide areas and fluc­ 
tuating ground-water levels in the central part of La 
Paz.

Mineral investigations and mapping project

The National Department of Geology, with the fi­ 
nancial assistance of the Agency for International De­ 
velopment as part of the Alliance for Progress, has be­ 
come a key organization in the economic development 
of Bolivia. In 1962, 15 young Bolivian geologists of 
the department, under the supervision of Dr. Stanislav 
Kriz, an American geologist contracted by AID, and 
two U.S. Geological Survey geologists have completed 
geologic maps of 23,000 square kilometers on 1: 50,000 
planimetric base maps compiled from aerial photog­ 
raphy, using existing triangulation. The maps are 
being used for several mineral exploration projects 
jointly supported by international development agen­ 
cies such as the United Nations Special Fund, Agency 
for International Development, Inter-American Bank 
of Development, and by the Bolivian Government.
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BRAZIL
Iron and manganese

After 16 years of active field study, the investigation 
of the iron and manganese deposits of the Quadrilatero 
Ferrifero, State of Minas Gerais, Brazil, is completed. 
The project was conducted in cooperation with the De­ 
partment of Mineral Production of the Brazilian Min­ 
istry of Mines and Energy. About 7,000 square kilome­ 
ters were mapped geologically on a scale of 1:25,000, 
embracing the whole range of the Precambrian section 
and the included intrusive rocks. This study will result 
in 16 chapters of U.S. Geological Survey Professional 
Papers, including descriptions of regional geology, ore 
deposits, economic geology, and metamorphism of the 
area. Recent publications include 3 papers covering 6 
quadrangles, by J. E. Gair (1-62), R. F. Johnson (1- 
62), and Dorr and Barbosa.61

Ground-water provinces

As a result of a recent hydrogeologic reconnaissance 
of Brazil for the Agency for International Develop­ 
ment, Robert Schneider (2-62) subdivided the country 
into seven ground-water provinces based on the regional 
distribution of the dominant geologic units and their 
water-bearing characteristics. The three of the prov­ 
inces, covering most of the country, are underlain by 
Precambrian crystalline rocks. The other coincide ap­ 
proximately with four extensive sedimentary basins 
and the narrow coastal plain.

Because of the widespread distribution of crystalline 
rocks of low permeability, it is difficult in many areas 
to develop adequate ground-water supplies. Problems 
include the relative deficiency of rainfall in northeast 
Brazil and the occurrence of mineralized water in the 
crystalline rocks of parts of this region. A potential 
problem is the excessive lowering of water levels and 
interfence among wells in the area of the city of Sao 
Paulo.

CHILE
Economic geology and sedimentation

The metallogenetic map of Chile, scale 1:500,000, 
published by the Institute of Geological Investigations, 
was compiled by Carlos Ruiz F., Soloman Boronovsky, 
and George E. Ericksen. The map shows the principal 
ore deposits of Chile on a simplified geologic base map 
and supplies new information to aid in mineral-explora­ 
tion programs.

In Aconcagua province, Chile, W. D. Carter and Nel­ 
son Aliste, a colleague of the Institute, recognized that

several semiparallel paleochannels could guide explora­ 
tion at the Guayacan mine, where copper sulfide ore 
bodies are contained in the vesicular tops of andesite- 
porphyry lava flows. The ore bodies and crests of the 
flows strike nearly due west and are separated by paral­ 
lel, channel-like depressions filled with arkose that in 
places is weakly mineralized, and in other places is 
barren. The arkose grades upward into calcareous silt- 
stone and limestone of marine origin that cap the crests 
of the flows. Over the crests of the flows the rocks are 
impregnated by primary sulfide minerals that replace 
the carbonates. Recognition of the irregular contact 
between volcanic and sedimentary rock has greatly fa­ 
cilitated mining and has encouraged further exploration 
at the Guayacan mine and other mines of the district.

Recent investigations by Kenneth Segerstrom and 
geologists of the Institute of Geological Investigations 
confirm that extensive "diamicton" deposits near San­ 
tiago at altitudes of 450-900 m above sea level are not 
till, as formerly believed, but are mudflows that have 
descended from the steep Andean mountain front to 
the east during Pleistocene and Recent time. Similar 
mudflow deposits of great extent and thickness are 
found in valleys in the Andes of central and northern 
Chile; one of them, 4 km long and as much as 30 m 
thick, was deposited as recently as April 18, 1959.

At the latitude of Santiago (30°30' S.), morainal 
deposits are found in one valley as low as 1,670 m above 
sea level and in most major valleys above 2,000 m. The 
moraines and mudflows both have hummocky surfaces 
and are formed of material that is virtually unsorted 
and unbedded and that contains subrounded blocks as 
much as 2 m across. Moraines are found only in U- 
shaped valleys and cirques, but mudflows may be either 
in glaciated or unglaciated terrain. Criteria used to 
distinguish moraines from mudflows are: (1) the mat­ 
rix of the morainal deposit is typically gray unweath- 
ered rock flour, whereas that of the mudflow is typically 
brown weathered material in various stages of chemical 
and mechanical disintegration; and (2) bedrock is gen­ 
erally fresh under the moraines, but is deeply weathered 
under the mudflows.

Salt investigations in northern Chile

Under the auspices of the United Nations Special 
Fund, George E. Ericksen completed a field study and 
a comprehensive report on the geology of the salt de­ 
posits and the salt industry of northern Chile.62 This 
is the first comprehensive geologic study of the salt 
deposits of northern Chile, including nitrate deposits, 
and this new information is an aid to the understanding

^Dorr, J. V. N., II, and Barbosa, A. L. M., 1963, Geology and ore 
deposits of the Itabira district, Minas Geraes, Brazil: U.S. Geol. Survey 
Prof. Paper 341-C.

82 Ericksen, G. E., 1963, Geology of the salt deposits* and the salt 
industry of northern Chile: New York, United Nations Special Fund, 
164 p., 36 figs., 32 tables.
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of origin and mode of emplacement of salt. It has been 
confirmed that part of the salt is of volcanic origin. 
Three types of salt deposits are recognized: caliche ni- 
1 rate deposits from which sodium and potassium nitrate, 
odine, and boric acid are being recovered; salars or 

$alt pans which are mined for sodium chloride, sodium 
^ulfate, and borates; and secondary sulfate deposits 
ihat have been mined for aluminum sulfate.

Ground-water investigations

A series of ground-water investigations begun in 1955 
were completed in 1962 by R. J. Dingman (1-62, 1-63, 
Si-63) and W. W. Doyel. Hydrogeologic studies were 
completed in the Pica, San Pedro de Atacama, and San- 
niago areas. Geologic mapping at a scale of 1:50,000 
:.n support of the hydrogeologic work was completed 
:for six 15-minute quadrangles: Pica, Matilla, Alca, 
Chacarilla, Tulor, and San Pedro. 

I The Pica investigation indicated that there was little 
likelihood of developing additional water supplies, but 
^hat the available ground-water supply could be used 
Jnore effectively. In the San Pedro de Atacama investi­ 
gation, test drilling resulted in the discovery of an ar- 
:esian aquifer that yields water readily to wells.

At Santiago, where about half of the municipal sup­ 
ply for a city of 3 million people is furnished by ground 
^ater, test drilling indicated a new deeper artesian 
aquifer which will augment the city's supply.

EGYPT
Corrosion of well casings in the Western Desert

In a study of corrosion responsible for serious deteri­ 
oration of steel casings and screens in artesian wells in 
JDakhla and Kharga Oases of the Western Desert, F. E. 
Clarke found conditions conducive to external corrosion 
at all depths studied. Measurement of pH, oxidation- 
Reduction potentials, and other water-quality factors 
Showed that the desert ground waters belong to thermo- 
(lynamic domains where ferric oxide protective films 
dissolve readily, leaving bare steel exposed to attack 
py free carbon dioxide and sulfide, which are prevalent 
under the conditions that prevail in the aquifers. Elec­ 
trical potential measurements in well casings confirmed 
that the steel surfaces are within Pourbaix's "dangerous 
triangle" and that corrosion is inevitable.

Cathodic protection is not feasible in such remote 
desert areas, and organic coatings will not provide ade- 
ftuate protection without supplemental cathodic treat- 
^nent to compensate for coating flaws. The least expen- 
jsive chemical treatment of bottom-hole water would be 
too costly for the flows involved. Studies are continu­ 
ing to devise economical and practical materials and 
.esigns for new wells.

INDONESIA

Concretionary bauxite deposits

Preliminary field investigations show that deposits 
of concretionary bauxite are widespread, but that these 
deposits are smaller and of poorer quality than those 
now being mined. However, these newly found de­ 
posits contain an appreciable quantity of ore having 
about 45 percent alumina and less than 10 percent silica. 
A close correlation was found between the kind of bed­ 
rock and the grade of concretionary deposits. Concre­ 
tionary deposits formed from syenitic rocks are of good 
quality. Those formed from volcanic rock or phyllite 
may be of good quality but tend to be high in iron con­ 
tent. Deposits associated with sandstone and shale tend 
to be thin and high in both silica and iron content. As 
medium to coarse quartz grains are not completely 
leached during weathering of the bedrock, deposits 
formed from granite or coarse sandstone are high in 
silica content. Other factors that influence the forma­ 
tion of concretionary deposits are altitude, topography, 
and possibly the relation to old drainage systems. 
Deposits now being mined are near sea level, whereas in 
the area studied, 50 km to the west, the best deposits are 
on the higher hills at altitudes of 60 to 80 m.

ISRAEL
Carbonate-rock aquifer of central Israel

In a geohydrologic investigation of a carbonate-rock 
aquifer, Cenomanian-Turonian in age, Robert 
Schneider observed that under natural conditions the 
ground-water temperature increases westward in the 
general direction of flow. Pumping has modified the 
temperature distribution locally by changing the flow 
pattern. The data suggest that mapping the tempera­ 
ture distribution may assist in determining the flow 
characteristics of carbonate-rock aquifers.

LIBYA
Minerals investigation and mapping

A project for evaluation of the mineral resources and 
mapping of Libya, under the guidance of G. H. Gou- 
darzi, was started in 1954 and completed in 1962. The 
principal results of the project have been the publica­ 
tion by the Geological Survey of a new topographic 
base map (U.S. Geol. Survey, 49-62) at the scale 1: 2,- 
000,000 and the compilation of a manuscript geologic 
map of Libya at this scale which is being prepared for 
publication. A report on the geology and mineral re­ 
sources of Libya is under preparation.

New ground-water supply for Sirte

Recently completed hydrogeologic work by William 
Ogilbee has disclosed the presence of a fresh ground-
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water body in Miocene limestone in the vicinity of Qasr 
bu Hadi, inland from Sirte, in a region otherwise char­ 
acterized by brackish or saline ground water. This 
fresh-water body is trapped on the south, upgradient 
side of a northwest-trending reverse fault and east of 
a small anticlinal flexure, and is apparently sustained 
and recharged by infiltration from seasonal runoff in 
the Wadi Tlal. When development of this water body 
by production wells is complete, a 20-km pipeline will 
deliver the much-needed fresh water to Sirte on the 
Mediterranean coast.

NEPAL 

Potential hydroelectric development
Preliminary investigations of the water resources of 

Nepal by F. M. Veatch, Harry Hulsing, and Daniel 
E. Havelka indicate bountiful supplies of surface water 
of good quality. At least 12 large rivers originating 
in the high Himalayas or the Tibetan plateau have po­ 
tential for extensive hydroelectric-power development. 
In addition, a large number of smaller streams are suit­ 
able for small power plants. Preliminary studies show 
that these rivers and streams not only have steep de­ 
scents in relatively short horizontal distances but have 
high sustained flows. The flows are maintained not 
only by glacial water and snowmelt from the Himalayas 
and the plateau of Tibet but also by the rain of the 
southwest monsoon which begins in June and continues 
into September.

PAKISTAN
The Mineral Exploration and Development Program 

of Pakistan is a joint undertaking of the U.S. Geologi­ 
cal Survey, U.S. Bureau of Mines, U.S. Agency for In­ 
ternational Development, and the Geological Survey 
of Pakistan.

Chromite in the Hindubagh district
Preliminary mapping in selected chromite-mine areas 

at Hindubagh, West Pakistan, by R. van Vloten and 
T. W. Offield indicates that chromite bodies are local­ 
ized at crests of folds in dunite of an alpine-type massif. 
Bearing and plunge of elongate crescentic, oval, or sig- 
moidal ore bodies can be determined by equal-area pro­ 
jection of planar and linear structural features. The 
configurations so far observed suggest that layers of 
granular refractory chromite within a layered mass of 
deformed ultramafic rock have been preserved on crests 
of folds and sheared out on limbs during flow folding 
which accompanied emplacement of the massif.

Uranium sandstone deposits
Uranium-rich sandstone deposits near Kakhimunh 

village, Dera Ghazi Kahn district, that have been in­ 
vestigated by K. G. Schmidt and S. A. Asad of the 
Geological Survey of Pakistan and by geologists of the

Pakistan Atomic Energy Commission, contain uranium 
and vanadium minerals in less than commercial quanti­ 
ties. The mineralization is in gray sandstone in the 
middle portion of the "Siwalik Group" rocks of 
Tertiary age. Uranium has been traced to a yellow- 
green mineral tentatively identified as metatyuyamun- 
ite. The presence of vanadium has been verified by 
microspectrochemical analysis. The uranium minerals 
may be present over a strike length of about 75 miles 
in the Siwalik rocks. They are also present in discon­ 
tinuous lenses in sandstone and shale for a strike length 
of about 30 miles in the vicinity of Kakhimunh.

Geologic reconnaissance in the Karakoram Range
Fieldwork and preliminary petrographic and heavy- 

mineral studies show that the metamorphism of the 
Gilgit-Nagar-Hispar area in the Karakoram Range of 
northern Kashmir is of lower grade biotite-to-garnet 
facies than that in the Hazara district farther south, 
and that the present tectonic structure of the area is 
almost entirely due to a single period of deformation 
related to the well-known "syntaxial bend" originally 
postulated by D. N. Wadia. The regional structure is 
marked by arcuate intrusions of granodiorite, which are 
almost all concentric about the "hub" of the "syntaxial 
bend." Mineralogic studies have shown that the area 
contains radioactive minerals as well as scheelite.

Chagai district

R. G. Schmidt has completed mapping of the first 
15-minute quadrangle in extreme western Pakistan near 
the border with Iran, resulting in new data about the 
geology and mineral reserves of this region.

The rocks in the area are sedimentary and metasedi- 
mentary, Cretaceous to Eocene in age, and overlain 
by younger rocks of undetermined age. A broad zone 
of contact metamorphism trends northward across the 
mapped area and is related to a group of small diorite 
stocks having the same trend. Many low-grade copper- 
and lead-bearing veins are located in faults in this zone. 
Metamorphosed volcanic conglomerate has been pyri- 
tized, locally containing as much as 15 percent pyrite 
along a belt 3 miles long and up to 2,000 feet wide. At 
places, limestones are replaced by as much as 20 percent 
pyrrhotite or are largely replaced by hematite. One 
diorite stock contains disseminated copper minerals.

Coal deposits near Karachi

Under the guidance of R. L. Harbour, a Geological 
Survey of Pakistan drilling project in 1962 and 1963 
established the presence of a large field of shallow, easy- 
to-mine coal at the crest of Lakhra anticline, 100 miles 
northeast of Karachi. Coal has been mined here at a 
single locality for many years, but the bed does not 
reach the surface, and before the test drilling the extent
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g.nd number of coal beds were unknown. Drilling has 
£ hown that the mined seam extends about 5 miles from 
  ast to west across the anticline at depths of 80 to 250 
ieet, and 6 miles from north to south. As many as 3 
c iscontinous lenticular coal beds were found below the 
rained seam. Reserves proved by the drilling are about 
13 million long tons, and indicated and inferred re­ 
serves probably are between 50 and 100 million long tons 
as of February 1963.

Permian-Triassic boundary, Salt Range, West Pakistan

The Salt Range of West Pakistan has long been 
known as one of the few areas in the world where marine 
rocks of latest Permian age (Cyclolobus zone) are con­ 
formably overlain by marine rocks of earliest Triassic 
age (Ophiceras zone). However, almost nothing has 
been known about lithology, faunal distribution, and 
paleoecology of this important interval. Field studies 
carried out in the winter of 1961-62 by Curt Teichert, 
nd by Bernard Kummel of the Museum of Compara­ 

tive Zoology, Harvard University, show that the widely 
c iscussed faunal break between the Permian and Triassic 
Systems in this area is accompanied by a distinct litho- 
Jacies change. The studies were sponsored by the 
Lgency for International Development and the National 

Science Foundation in cooperation with the Geological 
Survey of Pakistan.

The uppermost lithologic unit of the Permian System 
the "Upper Productus Limestone" of Waagen, which 

onsists of 220 to 280 feet of calcareous sandstone and 
andy limestone containing a rich fauna of bryozoans, 

brachiopods, gastropods (especially bellerophontids), 
nd the scaphopod Plagioglypta. More subordinate are 

Foramiiiifera, corals, pelecypods, nautiloids, and im- 
>ortantly, ammonoids, including the zone fossil Cyclo- 
obus oldhami (Waagen). In most places the top of the 
Upper Productus limestone" is formed by a few feet 
>f usually unf ossilif erous, only slightly calcareous sand- 
tone.
In the entire area under investigation, which includes 

>art of the trans-Indus Sughar Range, the "Upper Pro- 
luctus limestone" is overlain by a medium to coarsely 
;rystalline dolomite unit, varying in thickness from 2^ 
o about 10 feet and containing the important zone fossil 
Ophiceras connectens Schindewolf, as well as some 
)ther ophiceratids, scattered shells of inarticulate and 
rhynchonellid brachiopods, pectinids, and occasional fish 
emains. In most places the dolomite contains many 
mall unidentifiable echinoderm plates. Well-preserved 
idaroid spines possibly represent the species Miocidaris 
vakistanensis Linck. The dolomite underlies the classic 
'Lower Ceratite limestone" of Waagen, which contains 

ft rich and abundant ammonite fauna representative of 
f:he "Gyronitan" assemblage of Spath. Presence of

benthonic echinoids and brachiopods in the basal Tri­ 
assic dolomite is evidence that this rock was formed 
from an originally calcareous sediment that was laid 
down under conditions of fairly normal salinity.

The reasons for the intensive dolomitization of this 
thin unit at the base of the Triassic sequence are not 
fully understood. Relative coarseness and occasional 
porosity of the rock suggest late rather than early dia- 
genetic processes, but the stratigraphic persistence of 
the unit, which is sandwiched between several hundred 
feet of nondolomitic limestone, sandstone, and shale 
suggests a very early diagenetic or penecontemporaneous 
dolomitization of the original sediment. Petrologic 
studies now under way may clarify the environmental 
significance of this basal dolomite unit.

Water-logging and salinity control in the Punjab region

Hydrologic investigations, in progress since 1953, by 
a Geological Survey team headed by David W. Green- 
man in West Pakistan indicate that the Punjab region 
is underlain by a vast and productive ground-water 
reservoir which has major potential for regulating and 
improving the management of the water supply. Drain­ 
age and salinity control by pumping from networks of 
tube wells are hydrologically feasible and, in fact, may 
be the only solution to the problem of sustained irri­ 
gated agriculture in the Punjab. Tube-well networks 
are the key feature of a massive land-reclamation and 
water-development program now underway. Under 
this program the ground-water reservoir will sustain 
withdrawals from thousands of tube wells for supple­ 
mental irrigation and will also provide carryover 
underground storage for runoff which cannot be fully 
controlled by surface reservoirs.

PANAMA
New water law

A significant contribution to the water economy of 
Panama was made recently by Harold E. Thomas, who 
aided in the development of a code of water law, taking 
into account the natural hydrologic environment, the 
past legal precedents, the existing social and economic 
structure and probable future needs of the country. 
The proposed code is under review by legal authorities 
of the Panamanian Government.

PHILIPPINES
Chromite resources survey

Geological mapping and exploration of the Zambales 
chromite area have shown that the composition of the 
chromite is reflected in the composition of the overly­ 
ing gabbro. Part of the chromite-bearing zone over­ 
lain by olivine gabbro contains refractory-grade chro­ 
mite; the metallurgical-grade chromite is overlain by
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norite. Compositional and size layering in all rock 
units, except dunite, crosses lithologic and chromite 
deposits at all angles. Layering in this type of chromite 
deposit cannot be used to predict the possible location 
of new deposits.

SUDAN

Ground water in K or d of an province

Recent work by Harry G. Rodis, and Wilson Is- 
kander of the Geological Survey Department of Sudan, 
in central Kordofan province has demonstrated the 
presence of an extensive outlier of Nubian Sandstone 
largely buried by younger surficial deposits (Art. 49). 
This outlier contains a body of ground water of ex­ 
cellent chemical quality that is available for beneficial 
development in a region historically characterized by 
great water scarcity.

SPAIN

Pyrite deposits of Huelva province

A. R. Kinkel, Jr. (1-62), found that the massive 
sulfide deposits of the Huelva district, Spain, are as­ 
sociated with extrusive, rather than intrusive, rhyolite, 
as had long been thought. They are localized at a sin­ 
gle stratigraphic zone consisting of coarse to fine pyro- 
clastic material at the top of the flows and conformably 
underlying Lower Carboniferous shale. The ores are 
conformable with bedding, not with shear or fracture 
zones, and occur intermittently over a distance of more 
than 100 km. Restriction of ore to areas of coarse py- 
roclastic material suggests that mineralizing solutions 
may have been introduced to the basin through volcanic 
vents.

THAILAND

Mineral exploration and development

Sixteen reports, resulting from a joint project with 
the Royal Thai Department of Mines (RTDM), will 
be completed for publication by the RTDM by January 
1964. This brings to an end 8 years of close collabora­ 
tion aimed at diversification of the minerals industry 
and strengthening of the RTDM to a point where today 
it is one of the largest and best organized, trained, and 
equipped geological organizations in southeast Asia. 
Improvements include a modern minerals experimental 
center; mineralogic, chemical and petrographic labora­ 
tories ; and a creditable geologic library.

The mining industry, at the outset of this work, was 
largely confined to the production of tin and tungsten 
for export. As the result of the Thai geologists' in­ 
itiative, aided by Survey advice, guidance, and joint 
field and laboratory investigations, diversification for 
local consumption now includes new industries based 
on the following indigenous mineral commodities: (1)

manganese (storage-battery plants); (2) gypsum and 
marl (cement plants); (3) antimony (alloys); (4) 
lignite (thermal power); (5) iron (small but expanding 
steel industry); and (6) clay minerals (expanded 
ceramics industry). The annual rate of production of 
these minerals has increased 20 fold from a value of 
about $80,000 in 1956 to about $1,600,000.

During fiscal year 1963, Louis S. Gardner, Charles L. 
Hummel, and Dwight E. Ward, working with their 
counterparts, completed all fieldwork within the joint 
projects and brought their reports to near completion. 
The cooperative USGS-United Nations Special Fund- 
IlTDM project will continue this work in northeast 
Thailand through FY 1965.

TUNISIA

Ground-water appraisal of Teboula area

A study of hydrologic problems in central Tunisia 
by H. E. Thomas and L. C. Dutcher has disclosed an 
interesting ground-water dilemma in the Teboula area. 
Pumping at the current rate is depleting the ground- 
water reservoir, which contains stored water of better 
quality than that which replenishes the reservoir. 
Thus, even if the rate of withdrawal is reduced, the 
quality of water in some wells may deteriorate. They 
concluded that the fresh water should be developed 
by mining techniques allowing for some blending of 
waters to form a product of usable quality but depleting 
the reservoir at a rate sufficient to prevent excessive 
contamination.

TURKEY

Phosphate in southern Turkey

Application by R. P. Sheldon of the ideas, stated be­ 
low, of genesis of phosphorite has led to the discovery 
of important phosphate deposits in southeastern Tur­ 
key. Phosphorite, according to these ideas, is deposited 
in areas of relative structural stability where deposi­ 
tion is slow and cold ocean currents well up into shal­ 
lower water. These conditions were met in southeastern 
Turkey where the Mesozoic and Tertiary Tethys sea 
covered the Arabian craton and miogeosyncline to the 
north. Upwelling in the southern part of the Tethys 
sea is shown by the phosphorite province of the Medi­ 
terranean, which stretches from Morocco to Jordan. 
Field investigations of these ideas by Sheldon with 
Necip Tolun and Orhan Ozdemir of the Mining As­ 
sistance Commission revealed deposits near Adiyaman, 
Kilis, and Diyabakir. Of particular help wefe gamma- 
ray logs made by oil companies operating in the area. 
The small amount of uranium in marine apatite causes 
a kick on the gamma-ray logs. The radioactive zones
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identified in well logs were examined in surface ex­ 
posures and were found to be, in fact, due to the presence 
of apatite.

Surface-water and sediment investigations
In conjunction with surface-water studies, Leonard 

J. Snell reports that the upbuilding of flood plains and 
the seaward growth of deltaic deposits of Anatolian

rivers emptying into the Aegean Sea was probably a 
major factor in the abandonment of many ancient 
Greek cities such as Miletus, Priene, Ephesus, Tarsus, 
and others. These cities which were flourishing sea­ 
ports during the pre-Christian and early Christian eras 
now lie as much as 10 kilometers inland from the pres­ 
ent shoreline.



INVESTIGATIONS OF PRINCIPLES AND PROCESSES

PALEONTOLOGY

Paleontological research plays a fundamental role in 
the U.S. Geological Survey's efforts, through its geo­ 
logic mapping program, to reconstruct the course of 
earth history from primitive beginnings to present-day 
shape and farm. Paleontology has three main 
aspects the study of plants, of vertebrate animals, and 
of animals without backbones. The first two relate 
principally to the nonmarine environment, both terres­ 
trial and fresh water. The last is primarily means for 
studying the development of the ocean basins over the 
past 500 million years.

Three major kinds of investigations are underway: 
(1) taxonomic studies of particular biologic groups, 
involving morphologic, functional, population, onto- 
genetic, and phylogenetic analyses; (2) biostratigraphic 
studies delineating the distribution of fossil assemblages 
in space and time, including a restudy of long neglected 
classic areas; and (3) oceanographic studies document­ 
ing the environmental conditions of animal and plant 
groups that have fossil representatives, especially in the 
Tertiary rocks.

About 45 paleontologists, specialists in the taxonomy, 
evolution, and ecology of at least one major group of 
animals or plants, are actively engaged in research on 
fossils. Their main fields of interest and the parts of 
the geologic column covered by their studies are indi­ 
cated in figure 5.

TAXONOMIC STUDIES

Systematic descriptive studies of the interrelation­ 
ships, evolutionary development, and paleoecological 
significance of fossils are fundamental to interpretive 
paleontology.

Contributions to the "Treatise on Invertebrate 
Paleontology," a comprehensive critical compendium 
sponsored by professional societies in this field, consist 
of basic revisions at the generic and suprageneric levels. 
Studies of this kind are of interest and importance to 
paleontologists the world over. Geological Survey 
paleontologists who have participated in this task, and 
the status of their contributions, are:

Jean M. Berdan and I. G. Sohn, sections in the ostra-
code volume (part Z) ; published. 

Ellis L. Yochelson, coauthor, Paleozoic gastropods
(parti); published. 
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Wilbert H. Hass, conodonts (part N); published.
K. C. Douglass, orbitoline Foraminifera (in part C); in

press. 
Mackenzie Gordon , Jr., and Curt Teichert, sections in

the nautiloid cephalopod volume (part K); in press. 
R. E. Grant, sections in the brachiopod volume (part

H); in preparation. 
Julia Gardner and L. W. Stephenson, sections in the

gastropod volume (part J); in preparation. 
A. R. Palmer, copepods (in part R); in preparation. 
K. E. Lohman, diatoms (in part B) ; in preparation.

The life work of a great paleobotanist, Roland W. 
Brown (1-62), summarizes the known history, distribu­ 
tion, and stratigraphic significance of the earliest Ter­ 
tiary flora in the mountain West. Apparently, more 
plant species crossed the Cretaceous-Tertiary boundary 
than was f onnerly supposed; no radical break in the flo­ 
ral sequence occurred. In addition, the early Eocene 
flora, with the exception of a species of the fern Salmnia 
and perhaps a few others, does not seem to be greatly 
different in general composition from that of the late 
Paleocene. The presence of palms and breadfruit on the 
one hand and of birches, hazels, maples, and ashes on the 
other suggests either that remains from different eco- 
logic habitats mingled in a warm-temperate to temper­ 
ate environment, or that some Paleocene species were 
adapted to environmental niches different from their 
comparable living descendants or relatives.

A fundamental synthesis of gastropod classification 
has been made by D. W. Taylor and N. F. Sohl (1-62). 
Annotations include references to the more important 
taxonomic groups and explanations of the ways in which 
divergent classifications have been reconciled. Gastro­ 
pods are divided into the two subclasses Streptoneura 
and Euthyneura. Although the Streptoneura (4,218 
genera and subgenera) is larger, it is divided into only 
3 orders. The Euthyneura (3,106 genera and sub- 
genera) is more diverse structurally and is divided into 
14 orders. This outline should serve as a basis for all 
future work on the phylogenetic history of the gastro­ 
pods.

A study by A. R. Palmer (1-62) of foreign Cambrian 
trilobites with American affinities shows that within 
the interval from the middle part of the Middle Cam­ 
brian to the middle part of the Upper Cambrian, reason­ 
ably precise intercontinental correlation can now be 
accomplished between the United States and north-
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eastern Siberia, northwestern Europe, and eastern 
Australia. Identical or closely comparable Upper 
Cambrian species assemblages from these areas are now 
known from at least three levels within the time span 
represented by the Dunderberg Formation of eastern 
Nevada.

The sequence of baculite cephalopods in the lower part 
of the Pierre Shale in the western interior was refined 
by Cobban (1-62) through a comprehensive analysis 
of species occurrences and ranges. The sequence from 
oldest to youngest appears to be: Baculites obtusus 
Meek, B. maclearni Landes, B. asperiformis, and B. 
perplexus Cobban.

A systematic description of the spores and sporelike 
microf ossils of the Upper Devonian and Lower Missis- 
sippian rocks of Ohio by Marcia R. Winslow (1-62) 
emphasizes the stratigraphic ranges of the various 
floras and their possible paleoenvironmental signifi­ 
cance.

The fossil assemblages of the Big Snowy Group, 
central Montana, have been described and their strati- 
graphic significance assessed by W. H. Easton.63 Al­ 
though the predominantly brachiopod faunules appear 
to be transitional between the Mississippian and Penn- 
sylvanian, 53 of the 64 significant species indicate a 
dominant Mississippian aspect.

Silurian rugose corals from New York, Maine, and 
Quebec, described by W. A. Oliver, Jr., (3-62) shed 
new light on the methods of growth and stratigraphic 
occurrences of these important fossils. In a redescrip- 
tion of species from the Lockport Dolomite of New 
York, the methods of reproduction and interesting 
variation in Diplophyllum caespitosum are delineated. 
A thorough analysis of ontogeny and colony develop­ 
ment in Kodonophyllurti corymbosum, is a part of the 
description of coral assemblages from eastern Quebec. 
In addition, interrelations among Maine and Quebec 
Silurian assemblages described by Oliver (1-62; 3-62) 
and Stumm (1-62) are suggested.

A revision by J. B. Reeside, Jr., of ammonites from 
the Cretaceous of New Jersey, originally described by 
Stuart Weller, provides modern terminology and new 
data on localities and stratigraphic significance of this 
group of cephalopods.64

Ellen Moore (1-62) has published a catalogue of 
Cenozoic type specimens described originally by Timo­ 
thy Conrad and now preserved in the Academy of Na­ 
tural Sciences of Philadelphia. This fine piece of pale- 
ontological detective work resulted in the recovery of

^Eaaton, W. H., 1962, Carboniferous formations and faunas of cen­ 
tral Montana: U.S. Geol, Survey Prof. Paper 348, 126 p.

64 Richards, H. G., and others, 1962, The Cretaceous fossils of New 
Jersey: New Jersey Geol. Survey Bull. 61, pt. 2 (paleont. ser.), p. 
113-137.

588 of about 900 types which many paleontologists had 
assumed were lost or destroyed.

A study of the gastropod family Turridae from the 
Miocene St. Marys Formation of Maryland by T. G. 
Gibson has shown that many characters previously used 
in the taxonomy of this family are of doubtful validity. 
However, the characters of the anal sinus and associated 
morphologic features seem to be significant for generic 
and specific differentiation within this group.

Anatomical studies of wood provide clues about the 
relation between fossil and living plant species. R. A. 
Scott, E. S. Barghoorn, and U. Prakash (1-62; and 
Prakash and others, 1-62) have described the woods of 
Gwgko, Robinia, and Grleditsia from the Tertiary de­ 
posits of western North America. These studies not 
only show affinities with existing plants but also empha­ 
size the extent of climatic and ecological change in the 
Rocky Mountain region during late Tertiary and Qua­ 
ternary times.

Collections from the Permian Lueders Limestone, 
Baylor County, Tex., were found by S. H. Mamay to 
contain several specimens of a cupuliferous form of 
callipterid foliage. The cupules, or seed-containing 
structures, are borne terminally or lateromarginally on 
the pinnules and evidently represent an unorthodox 
type of female reproductive structure. The seed habit 
of the callipterids has been previously unknown, and 
this material warrants description (report in prepara­ 
tion) as a new genus, possibly a new family, of 
pteridosperms.

BIOSJRATIGRAPHIC STUDIES

Interpretation of stratigraphic relations through 
analysis of assemblages of fossils is one of the major 
tasks of Survey paleontologists. Problems involving 
material collected by geologists with mapping projects 
provide a challenge to the paleontologist. Solution of 
these problems often requires further collecting and 
sometimes reorientation of the basic work of the paleon­ 
tologist.

About a third of the activity of Survey paleontologists 
is in service work for other geologists. An indication 
of the geographic coverage of this work is shown in 
figure 6, and the distribution reflects the areas of intense 
geologic activity by the Survey.

A selected number of specific results during the past 
year only hints at the broad interests of Survey paleon­ 
tologists and the wide scope of their stratigraphically 
significant investigations.

The regional affinities of coral species from the Red- 
wall Limestone of northern Arizona show interesting 
relations with the coral faunas of contemporaneous
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strata in other areas of the United States, according to 
W. J. Sando. The Redwall Limestone contains only 
two species in common with the type Mississippian. 
Nine of the Eedwall species show some affinities to Mis­ 
sissippi Valley forms, but eight species appear to repre­ 
sent exclusively Cordilleran elements. The Redwall 
corals show surprisingly few similarities to the faunas 
of the Escabrosa Limestone and Lake Valley Limestone 
of southeastern Arizona and southwestern New Mexico. 
The Escabrosa and Lake Valley faunas are strongly re­ 
lated to the type Mississipian. B. A. L. Skipp has ex­ 
amined collections from approximately 40 full and 
partial measured sections of Redwall Limestone (Mis­ 
sissipian) in the Grand Canyon and adjacent areas of 
northern Arizona, and has recognized a 6-fold forami- 
niferal zonation involving rocks of Early Mississippian 
(Kinderhook and Osage) to Late Mississippian (Me- 
ramec) age. The assemblage contains common repre­ 
sentatives of the family Tournayellidae, previously re­ 
ported only from the U.S.S.R., that may prove very 
useful for stratigraphic correlation in the Western 
States.

Two genera and two species of calcareous Foraminif- 
era of Mississippian age, previously unrecognized in 
the United States, were identified by B. A. L. Skipp in 
the Diamond Peak Formation of Nevada. These 
forms, including Endothyranopsis Cummings 1955, 
Haplophragmella Rauser-Chernoussova and Reitlinger 
1936, Endothyra Omphalota Rauser-Chernoussova and 
Reitlinger 1936, and Endothyra aff. E. samarica Rau­ 
ser-Chernoussova 1948, are found associated with other 
Foraminifera typical of rocks of Chester age in the 
midcontinent region.

Type sections for the Pennsylvanian Morrow Series 
and new members of the Bloyd Formation in Washing­ 
ton County, Ark., are described by Lloyd Henbest (1- 
62; 2-62). This pinpoints, for the first time, sections 
that can be considered standards of reference for the 
lower Pennsylvanian rocks of the midcontinent region.

From the Snake River Canyon, Idaho, near the Ore­ 
gon-Washington boundary, ammonites have been iden­ 
tified by Ralph W. Imlay as of early Oxfordian (early 
and late Jurassic) age. Previously, beds of this age had 
not been identified from the Pacific Coast region south 
of British Columbia. In addition, Imlay has identified 
early Jurassic ammonites from the Wallowa Mountains, 
northeast Oregon, establishing the presence of Jurassic 
rocks in this area for the first time.

As a result of a 10-day visit at the Geological Survey 
of Canada offices in Ottawa, Ontario, a much better cor­ 
relation can be made now between Upper Cretaceous 
rocks of Canada and those of the conterminous United 
States. Dr. J. A. Jeletzky of the Geological Survey

of Canada and W. A. Cobban examined numerous col­ 
lections of fossils from the western interior of Canada 
and from the Arctic islands and agreed on many iden­ 
tifications. Interesting changes in the faunas as they 
are traced northward away from the international 
boundary include the coarseness of sculpture and the 
size of the species, especially among cephalopods.

In cooperation with the geologic mapping by David 
Hopkins and Clyde Wahrhaftig, a study of 7 pollen 
floras of late Tertiary age from Nome and from south- 
central Alaska has been completed by Estella B. Leo­ 
pold. Five of the 7 floras are independently dated by 
fossil leaves or mollusks. The Pliocene rocks contain a 
modern Alaskan pollen assemblage, with an occasional 
pollen grain of hickory (Garya). The late Miocene 
flora is similar except that it contains a few pollen of 
the Asiatic ling nut (Pterocarya) and of the elm fam­ 
ily. The late Oligocene or Miocene floras which do not 
show reworked Cretaceous pollen seem to have, in addi­ 
tion, pollen of podocarps (living Podocarpus is of 
warm-temperate and subtropical distribution) and 
Liqmdomba/r. The Oligocene or Eocene floras con­ 
tain, in addition to the forms mentioned above, pollen 
of holly (Ilex)y linden (Tilia), and certain unnamed 
Tertiary forms that have also been recognized in 
Eocene and Oligocene floras of the northwestern states.

In July 1962, F. C. Whitmore and L. L. Ray joined 
with a field party from the University of Nebraska State 
Museum to dig for Pleistocene mammals at Big Bone, 
Lick, Ky., a site that is of historical as well as scientific 
importance because it was the first widely known verte­ 
brate fossil locality in the Western Hemisphere. First 
reported by the French commander of Fort Niagara, 
who visited it in 1729, it was brought particularly to 
public attention in 1807 when President Thomas Jeffer­ 
son sent Captain William Clark to the site to make a 
collection, part of which was sent to France, and part 
of which was deposited with the American Philosophi­ 
cal Society in Philadelphia. This collection, together 
with other specimens collected at Big Bone Lick in the 
early nineteenth century, has been important because 
it yielded the type specimens of at least 3, and possibly 
5, species of mammals which were later found to con­ 
stitute important elements of the Pleistocene fauna of 
the High Plains. These include an extinct muskox, the 
giant bison, a large mooselike deer, a tapir, and a ground 
sloth. Because these animals lived near the ice front, 
an accurate determination of their geologic age will, 
it is hoped, help to relate the history of ice-age faunas 
to glacial fluctuations. None of the previous collections 
at Big Bone Lick has been accompanied by records of 
the exact stratigraphic and geographic location of the 
specimens; thus it is impossible in most instances either
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relate the fauna to the type of sediment or to date 
it accurately. This first season's collecting, therefore, 

as devoted to excavating the youngest of three bone- 
earing zones under carefully controlled conditions. A 
it 100 by 130 feet was dug and laid out in 10-foot 
uares for recording purposes. Although most of the 

3,000 bones of the late ice-age mammals collected were 
jfrom bison of about the size of the modern form, masto­ 
don, horse, muskox, and deer bones were also found. 
In addition, wood samples were collected for carbon- 
] 4 dating.

W. W. Cobban has identified the ammonite Hoplito- 
placenticeras from near the top of the Steele Shale in 
Carbon County, Wyo. This important find by E. N. 
Harshman provides for the first time a correlation of 
the western interior Baculites asperiformis Range Zone 
yith the upper Campanian of the Late Cretaceous of 
^estern Europe (Art. 76).

F. Stearns MacNeil has completed a study of the evo­ 
lution and distribution of the genus My a, a clam with 
pelagic larvae. This is part of a study of trans-Arctic 
iaunal migrations; it will be followed by a similar 
s iudy of Neptunea, a genus whose larvae crawl rather 
t tian float. The following considerations lead to the con- 
clusion that the Arctic Ocean came into being in middle 
r. ^ertiary time: the known distribution of early Tertiary 
marine deposits, and of early Tertiary nonmarine and 
coal-bearing deposits in the high Arctic; the middle or 
]ate Miocene age of the oldest known marine Tertiary 
in the high Arctic; and the fact that the first Pacific 
species to appear in the Atlantic did so in late Miocene 
tjime. Since that time the Arctic appears to have been 
s, regular avenue of migration between the Pacific and 
Atlantic Oceans.

John Huddle has described mixed conodont assem­ 
blages (Devonian and Ordovician) in the basal breccia 
df the Chattanooga Shale in the Flynn Creek crypto- 
volcanic structure of Tennessee. The age of the crater 
formation is apparently post-Richmond and pre-early 
Late Devonian (Art. 74).

Two new formations and seven new fossil zones are 
defined by J. T. Dutro and W. J. Sando 65 in the 
Mississippian sequence in the Chesterfield Range, Idaiho. 

new formations replace the old "Brazer Lime­ 
stone" of southeast Idaho usage. Three Upper Missis- 
ippian coral zones extend previously published zona- 

tion in the northern Rockies. Four brachiopod zones 
augment the coral zonation.

During the summer of 1962, two faunal zones charac­ 
teristic of the Upper Mississippian sequence in south­ 
east Idaho and northern Utah were found by J. T.

66 Dutro, J. T., and Sando, W. J., 1963, New Mississippian formations 
and faunal zones in the Chesterfield Range, Portneus quadrangle, south­ 
east Idaho: Aim. Assoc. Petroleum Geologists Bull. [In press]

Dutro and W. J. Sando in post-Madison rocks of the 
Elkhorn Mountains, Mont., in the area mapped by 
M. R. Klepper. The Striatifera and Caninia Zones, 
described from the Chesterfield Range, Idaho, were 
identified in the middle limestone unit of the so-called 
"Amsden". In addition, Caninia Zone fossils were col­ 
lected from unit 3 of McMannis' "Big Snowy" in the 
Bridger Range, Mont. The Caninia Zone had been 
identified previously from the upper "Big Snowy" of 
Hadley in the Gravelly Range, Mont., and from the 
upper "Amsden" of Rubey in the Bedford quadrangle, 
western Wyoming (Art. 23).

From a few outcrop samples on Great Swan Island 
in the Caribbean, collected by Harris Stewart of the 
U.S. Coast and Geodetic Survey, some planktonic 
Foraminifera were found that suggest deposition of 
the sedimentary rock at considerable depths, perhaps as 
great as several thousand fathoms. Ruth Todd and 
Doris Low found specimens of Cassigerinella chipo- 
lensis (Cushman and Ponton), a species that indicates 
an Oligocene or early Miocene age. The absence of 
Orbulina universa d'Orbigny in this pelagic facies sup­ 
ports its pre-late Miocene age.

Morphologic changes in the ostracode genus Coryel- 
lina are found by I. G. Sohn (2-62) to have strati- 
graphic significance. A small spine on the posterior 
surface of the valve is positioned higher along the pos­ 
terior margin in progressively younger collections from 
Devonian, Carboniferous, and Permian rocks.

A detailed analysis of the stratigraphic distribution 
of fossils near the Pennsylvanian-Permian boundary in 
Kansas has led M. R. Mudge and E. L. Yochelson 
(2-62) to conclude that there is no definitive faunal 
evidence for an accurate placement of the systemic 
boundary. The commonly accepted boundary is at the 
top of the Brownville Limestone Member of the Wood 
Siding Formation. No change of this arbitrary 
boundary is anticipated by Mudge and Yochelson.

An analysis of the stratigraphic sequence and struc­ 
tural position of the pre-Tertiary rocks of northwestern 
Nevada, by N. J. Silberling and R. J. Roberts (1-62), 
has made possible a reconstruction of late Paleozoic 
and Mesozoic events in that region. The Antler orog­ 
eny in the Late Devonian and Mississippian oblit­ 
erated the Cordilleran geosyncline of the early and 
middle Paleozoic. However, eugeosynclinal sedimenta­ 
tion continued west of the Antler erogenic belt until it, 
too, was terminated by the Sonoma orogeny in middle 
or Late Permian time. New marine invasions from the 
west resulted in deposition of a nearly continuous 
sequence of generally shallow-water marine volcanic 
and sedimentary rocks from Late Permian well into 
Jurassic time. Marine deposition was terminated by

708-043 O 63 -9
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orogeny that started as early as late Early Jurassic 
and probably continued into the Cretaceous.

The Paleozoic history of the Antelope Valley area, 
Nevada, has been documented by the stratigraphic and 
paleontologic studies of C. W. Merriam (1-63). 
Major emphasis is placed on the Ordovician and Devon­ 
ian Systems. Six Ordovician formations are described 
and their paleontologic content analyzed; this is par­ 
ticularly important because it is the type area of the 
Whiterock Stage of Cooper. Graptolite-bearing 
Ordovician beds (western facies) are correlated with 
the shelly carbonite facies. The Devonian discussion, 
and updating of Merriam's earlier work, is noteworthy 
for the introduction of evidence for a Helderberg age 
of the Rabbit Hill Limestone in the Monitor Range. 
The Nevada Formation and Devils Gate Limestone each 
contain four faunal zones; the significance of these 
zones in the age, correlation, and facies analysis of the 
Devonian strata is indicated.

A restudy of the biostratigraphy of the type 
Cincinnatian has been initiated in cooperation with the 
Kentucky, Indiana, and Ohio Geological Surveys, Ohio 
State University, and other interested scientists. The 
Kentucky-U.S. Geological Survey cooperative mapping 
project is stimulating further regional investigations. 
The coordination of stratigraphic and paleontologic 
data will fall to R. J. Ross. Cooperating geologists 
include R. B. Neuman, O. Karklins, John Pojeta, E. L. 
Yochelson, Jean Berdan, W. A. Oliver, E. R. Cressman, 
and F. A. Schilling of the U.S. Geological Survey; 
W. C. Sweet and M. P. Weiss of Ohio State University; 
E. R. Branson and M. O. Smith of the Kentucky Geo­ 
logical Survey, H. R. Gray of the Indiana Geological 
Survey, and R. J. Bernhagen and C. H. Summerson of 
the Ohio Geological Survey. It is hoped that other 
geologists well acquainted with the Upper Ordovician 
of this region will cooperate as the investigations 
progress.

Studies of Ordovician brachiopods from northern 
Maine by R. B. Neuman (Art. 30) reveal assemblages 
with strong British and Baltic affinities. Arenig 
equivalents are tuffs and tuffaceous sandstone in north­ 
ern Penobscot County with orthids and clitambonitids 
including Orthcmibonites, PlatystropMa, and Tri- 
toecMa. Llanvirn equivalents have not been seen. The 
Kennebec Formation of Boucot, 1961, in northern 
Somerset County, consisting of tuffs with Valcourea, 
represents the Llandeilo or lower Caradoc. A rich 
Caradocian assemblage occurs in tuffaceous mudstone 
and volcanic conglomerate in northern Aroostook 
County near Ashland. It contains such Baltic fossils 
as Nicolella cf. N. actoniae (Sowerby), Chonetoidea, 
and Sampo cf. S. indentata Spjeldnaes, forms not here­

tofore reported in North America. Ashgill brachio­ 
pods in mudstones and conglomerates in northern 
Penobscot County include Retorsirostra, Sampo^ and 
ScMzophorella,, and mudstone of Ashgill age with dif­ 
ferent fossils occurs near Mapleton in Aroostook 
County.

MARINE ECOLOGY AND PALEO ECO LOGY

The relations of organisms to each other and to their 
physical environment provide basic data for the under­ 
standing of occurrences of fossils and their geologic 
significance. Reconstructing the past through a com­ 
prehension of the present is as fundamental to paleon­ 
tology as it is to other phases of geologic investigations. 
The paleontologist must be zoologist, ecologist, and 
oceanographer as well as geologist, stratigrapher, and 
sedimentologist. Close ties between the Tertiary and 
the present are evident; many living genera and species 
are found as fossils in the not-too-old rocks of the 
Tertiary. In addition, distribution of land and sea 
masses and conditions of sedimentation did not differ 
greatly in the Tertiary. Some of the paleontologic 
results of the past year that reflect this wedding of the 
past and present are indicated below.

Separate findings by Druid Wilson and Frank Whit- 
more shed light on the Tertiary history of the Panama 
land bridge and its relation to the oceanic circulation in 
the Caribbean region. Whitmore's studies of Tertiary 
mammals indicate that the entire Isthmus of Panama 
was attached to North America in the early Miocene. 
Thus, it is probable that from the Paleocene to the Plio­ 
cene the strait separating the Americas was a north- 
south feature in what is now western Colombia. Wil­ 
son's analysis of Tertiary mollusks in Florida has 
confirmed the occurrence of Anadara tuberculosa 
(Sowerby), a living west coast Panamic clam, as a 
fossil in a late Pliocene (post-Caloosahatchee) mollus- 
can assemblage. The Florida occurrence affirms a strong 
relation between Florida Tertiary and Recent west 
coast Panamic mollusks. This supports a date no 
earlier than late Pliocene for the closing of seaways be­ 
tween the Atlantic and Pacific Oceans.

From his study of large collections of fossils from the 
lacustrine facies of the Glenns Ferry Formation (late 
Pliocene and early Pleistocene of southwestern Idaho), 
Dwight W. Taylor reports (in Malde and Powers 1-62) 
that nearly all of the fresh-water mollusks (94 percent) 
belong to extinct species and that a large number belong 
to extinct genera. In degree of endemism, in the vari­ 
ety of species and genera, and in the great variety of 
individual forms, the Glenns Ferry mollusks are sim­ 
ilar to those living in Lake Ohrid, Yugoslavia, and in 
Lakes Tanganyika and Nyassa, Africa. They also re-
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semble fossil assemblages from the Pliocene deposits of 
the Pontian, Dacian, and Levantine basins of south­ 
eastern Europe.

The foraminiferal and molluscan content of 150 sam­ 
ples, together with sediment coarseness, was used by 
T. G. Gibson to interpret the paleoenvironment and 
paleogeography of the Miocene deposits of Maryland, 
Virginia, and North Carolina. All the formations are 
interpreted as being deposited in marine waters of less 
than 150 meters depth, and some units are of much shal­ 
lower origin. The paleography of North Carolina, as 
indicated by the f aunal evidence, includes an embayment 
|n the central part of the coastal plain with relatively 
positive areas to the north and south. Geophysical 
^vidence of the Cape Fear arch to the south and a rela­ 
tively positive area south of Norfolk, Va., to the north, 
Supports this conclusion. The Yorktown Formation is 
interpreted as the updip deposit on the northern and 
Western sides of the embayment; the Duplin Marl is the 
downdip equivalent deposited in the deeper part of 
Jie embayment; and the Waccamaw Formation was 
deposited in the very shallow waters on top of the Cape 
Fear arch.

i In a predominantly planktonic Foraminifera popu- 
Jation, the benthonic fraction (although negligible in 
number of specimens) may be useful in paleoecologic 
interpretation. In a series of samples of deep-sea 
(rlobigerina ooze adjacent to an atoll, the number of 
benthonic species increases with nearness to the reef, 
Recording to Euth Todd. Miss Todd also reports that 
fossil Foraminifera were found on the ocean bottom at 
Several localities off the southeastern United States. 
Examination of glauconitic dolomitic limestone 
(jlredged from about 200 fathoms off the Georgia coast 
^howed that it is an indurated Globigerina ooze, possibly 
p old as Miocene. Rare specimens of the Miocene 
species Sphaeroidinella disjuncta (Finlay), Hofkerina 
vemiomata (Howchin), and Globarotalia acostaensis 
Blow or G. ophna Bolli were found in rich Globig&rina 
ooze bottom sediments on the Blake Plateaus, indi­ 
cating a mixture of Miocene and Recent material. Hof- 
kerina semiomata, found thus far only in the Miocene 
and Oligocene of Australia, has not been identified 

1 >efore in the Atlantic realm. Foraminifera in a series 
(if short deep-sea cores from along the line of a slight 
depression behind the submarine feature known as 
Howell Hook in the Gulf of Mexico off southern Flor­ 
ida show no ecologic difference between the tops and 
bottoms of the cores. However, at the bottom (30.5 cm) 
c>f one of the cores a few Miocene species suggest that

JL OO

sediments of Miocene age may have been penetrated. 
To obtain knowledge from modern pollen rain which 

help to interpret fossil pollen assemblages, a study

of seasonal modern pollen rain was begun in the Denver 
area by Estella B. Leopold. Four pollen trapping 
stations in west Denver were maintained during the 
summer months. Four standard rain gages were set 
up as pollen traps to obtain air-borne and rain-borne 
pollen and spores over given time intervals and to relate 
the sediment trapped to a definite catchment area. 
Total numbers of pollen deposited differed widely be­ 
tween sites; they are a function of wind speed. In 
contrast, the percentage composition of the summer's 
pollen rain differed relatively little from site to site. 
Some 12,000 pollen and spore grams per sq in. were 
deposited over the summer months at the ground sta­ 
tion with the least wind, while only 4,000 grains per 
sq in. were obtained at the windy roof site. In­ 
ternal percentages of various components differed 
somewhat among the four stations; these differences 
could not be explained by the different composition 
of local vegetation. Tree pollen represented 28 percent 
of the sample on the roof site, but only 18 percent on 
the ground below; this difference is thought to reflect 
vertical stratification of pollen types, a fact observed 
by others. Two other ground stations nearby yielded 
33 percent and 27 percent tree pollen, respectively. 
The general succession in dominant pollen types was 
similar in timing and in general percentage composi­ 
tion at the 4 stations; from spring to fall it was: oak and 
Cercocarpus, pine and grass, chenopods, Compositae 
and Artemisia. Several Upper Cretaceous pollen 
grains fell into the trap in July; this led to the con­ 
clusion, after cautious checking, that pollen grains can be 
reworked by wind. These well-preserved grains repre­ 
sent extinct forms that characterize rocks of the Dakota 
Group, exposed a few miles west and upwind of the 
trapping site.

A joint study of late Miocene marine paleotempera- 
tures in the southern San Joaquin basin, California, 
was made by W. O. Addicott and J. G. Vedder (Art. 
77). New collections and previously published occur­ 
rences of shallow-water mollusks include several taxa 
suggestive of tropical marine climate. Earlier inter­ 
pretations indicated a much cooler hydroclimate warm 
temperate based on a limited collection from one lo­ 
cality. Tropical and subtropical f aunal elements in the 
southern San Joaquin basin suggest water temperatures 
warmer than those that existed to the west in the San 
Luis Obispo area during late Miocene time. The rather 
complex pattern of surface-water-temperature distribu­ 
tion in this part of California can be explained by the 
embayed coastline of the San Joaquin basin during the 
late Miocene; the area was protected from the ap­ 
parently cooler water of the open ocean to the west by 
large insular or peninsular blocks.
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The invertebrate fauna from marine terrace deposits 
at Cape Blanco on the southwestern coast of Oregon is 
the largest and one of the few known occurrences of 
late Pleistocene marine invertebrates between central 
California and British Columbia (lat 38°^9° N.). 
W. O. Addicott concludes that the assemblage inhabited 
a sandy bottom in shallow, offshore water at depths of 
30 feet or greater. Extralimital northern species in the 
assemblage indicate a marine hydroclimate somewhat 
cooler than that which exists today at this latitude. 
Field relations at the nearby type locality of the Elk 
Eiver Beds of Diller suggest that this name should be 
applied to gently deformed strata of probable late Plio­ 
cene age rather than to terrace deposits of late Pleisto­ 
cene age.

Petrologic study by L. G. Henbest of the unusually 
good preservation of a few typical genera of late 
Paleozoic protozoans of the families Ammodiscidae and 
Cornuspiridae revealed the diagenetic history of the 
shells and provided a means of determining the nature 
of the original structure, which has been in controversy 
for many years. These long-neglected protozoans aid in 
determining the environment of formation of the an­ 
cient rocks containing their remains. Henbest suggests 
that dark, finely granular shell material of the late 
Paleozoic Cornuspiridae is a diagenetic end product of 
calcite with a high content of magnesium in solid solu­ 
tion and that a high magnesium content in Foraminif era 
shells is a result of symbiosis with algae.

E. L. Yochelson has made an analysis of the rela­ 
tions between rock type and associated fossils in the 
Permian Phosphoria basin of Idaho, Utah, Wyoming, 
and Montana. In the shelf f acies of western Wyoming, 
the following regular sequence of fossil assemblages is 
observed from bottom to top: (1) large orbiculoid 
brachiopods and nuculoid pelecypods in a light-gray 
clay stone, (2) large ramose bryozoan colonies together 
with Derbyia and Spiriferina in a dense bioclastic lime­ 
stone, (3) a brachiopod assemblage (including Neo- 
sprifer and productoids) in a shaly limestone or cal­ 
careous shale, and (4) large spinose productoid 
brachiopods in calcareous shale. The succession of 
rock types and fossils, along with other physical fac­ 
tors, indicates marine transgression from the west with 
a change from firm to soft bottom conditions. To 
the east and south these shelf faunas change from 
brachiopod-bryozoan assemblages to molluscan assem­ 
blages with abundant Plagioglypta, interpreted as 
mudflat associations (Art. 34).

MARINE GEOLOGY AND HYDROLOGY

During the past year the U.S. Geological Survey 
initiated a program in marine geology and hydrology.

The new program consolidates and supports Survey 
studies of the features and processes of the oceans that 
relate to the geology and hydrology of the adjacent 
lands. Moreover, it forms an integral part of the new 
and rapidly expanding program of the U.S. Govern­ 
ment to study the oceans and the ocean floor. New 
projects to investigate the composition, structure, geo­ 
logic and hydrologic processes, and resources of marine 
areas will provide a better understanding of sedimen­ 
tary rocks and other features that were formed in 
marine areas and subsequently were raised above sea 
level. Current emphasis is being placed on estuaries, 
bays, continental shelves, and other near-shore areas of 
the United States, its possessions, and trust territories.

GEOLOGICAL AND GEOPHYSICAL STUDIES
Although a formal program in marine geology is new, 

the Geological Survey has long been active in studies 
of the oceans and ocean floors. In his "Data of Geo­ 
chemistry", first published in 1908, and later successively 
revised and finally published as Geological Survey 
Bulletin 770 in 1924, F. W. Clarke presented one of the 
most comprehensive and authoritative reviews of the 
geochemistry of the oceans. Today, synthesis of geo- 
chemical data for the oceans and ocean floor continues 
and is being incorporated in the current sixth edition 
of "Data of Geochemistry" (see p. A146). Numerous 
studies have been made of samples from the ocean floor. 
In Professional Paper 196 (1940), W. H. Bradley and 
others described the petrology and paleontology of the 
first cores of more than a few inches in length collected 
from the deep-sea floor; some techniques devised by 
Bradley and his associates have become standard pro­ 
cedures and remain in use today. Professional Paper 
260, "Bikini and Nearby Atolls," presents results of the 
most intensive oceanographic, geological, and geophysi­ 
cal investigation of a group of atolls and adjacent 
marine areas that has ever been undertaken. Kesults 
of other studies concerning oceanic features and proc­ 
esses by Survey geologists are contained in numerous 
bulletins, professional papers, and outside journals; 
papers such as "Marine Geology of Guam," by K. O. 
Emery (1-62), and the "Environment of Calcium Car­ 
bonate Deposition West of Andros Island, Bahamas," 
by P. E. Cloud (2-62), provide recent examples.

Indian Ocean map

A map of the Indian Ocean showing the geology of 
bordering lands and the configuration of the ocean 
floor, by the late James F. Pepper and Mrs. Gail M. 
Everhart,66 has been published as a contribution to the

66 Pepper, J. F., and Everhart, G. M., 1963, The Indian Ocean the 
geology of its bordering lands and the configuration of its floor: U.S. 
Geol. Survey Misc. Geol. Inv. Map 1-380.
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International Indian Ocean Expedition and the second 
ECAFE (United Nations Economic Commission for 
Asia and the Far East) Symposium on the Development 

Petroleum Resources of Asia and the Far East. An 
accompanying text provides details on the geology of 
selected areas, and presents geologic information for the 
continental shelves and adjacent marine areas. The 
major purpose of the map and text, which has been 
(compiled largely from published material, is to provide 
ja, geologic guide for future investigations of the Indian 
Ocean. Geologic cross sections of the near-shore 
marine areas show a number of structures comparable 
to those from which petroleum is produced in other 
mrts of the world.

Mohole project

Geological Survey scientists have continued studies 
of samples from the preliminary Mohole drilling site 
fnear Guadalupe Island, off the coast of Baja Cali­ 
fornia, and are cooperating in projects related to future 
aeep drill holes into the ocean floor. Allan Cox and 
tR. R. Doell (1-62) have found that the average direc- 
|tion of remanent magnetization in basalt from Hole 
EM 7 at the Guadalupe site is reversed and that the 
natural magnetization is extremely stable and is prob­ 
ably thermoremanent magnetization formed during 
oooling of the basalt. George Keller and others are en­ 
gaged in the development of instruments for measuring 
electric and magnetic currents within future deep drill 
loles on the ocean floor.

Dorothy Carroll has made mineralogic analyses of 1 
Samples of siliceous and calcareous oozes from cores 
obtained at the Guadalupe site. The oozes consisted of 
siliceous radiolarian remains, minerals of volcanic ori­ 

gin, and clay, and had ion-exchange capacities ranging 
rom 6 to 20 milliequivalents per 100. The clay con­ 

sisted of chlorite, mica, veraiiculite, and montmorillo- 
lite; the ion-exchange capacities of the clays ranged 
Tom 24 to 36 milliequivalents per 100. The exchange­ 
able cations were Ca>Na>K>Mg, although some of 
;he calcium may have been liberated from calcite that 
was present in some separates.

Studies of basalts from the ocean floor near Hawaii

j During October 1962, a joint Geological Survey- 
Coast and Geodetic Survey team aboard the USCGS 
ship Pioneer cooperated in a dredging operation along 
i;he seaward extension of the east rift zone of Kilauea 
Volcano, Hawaii (Art. 40). The scientists obtained ex­ 
cellent photographs of fresh pillow basalts at depths 
of 10,800 and 14,400 feet and collected a suite of fresh 
'. avas at depth intervals of about 1,000 feet to depths 
of 17,000 feet. Although pillow lavas are common 
among ancient uplifted submarine basalts, this is the

first time that good examples have been photographed 
in the environment where they formed. James G. 
Moore and others at the Hawaiian Volcano Observatory 
have been studying the chemistry and petrology of the 
lavas recovered from the dredge. Preliminary studies 
of the petrography and other physical properties of the 
lavas show systematic increases in the density and de­ 
creases in vesicularity of the lavas with depth of 
extrusion.

In addition to work along the rift zone, photographs 
were taken and samples collected from depths of 5,200 
to 6,200 feet on the summit of Bushnell Seamount, 75 
miles southeast of Hawaii. Most photographs at this 
site show an old weathered surface, but pictures of one 
young, fresh lava flow with pillow structure were also 
obtained.

Twelve genera of corals, including 3 new species, 
have been identified in samples collected from depths of 
5,000 to 6,000 feet on the seamount; sponges, echino- 
derms and other organisms within these samples are 
currently being studied.

Gravity surveys of the Alaska Peninsula

D. R. Barnes has compiled results of gravity surveys 
on the Alaska Peninsula as part of a cooperative pro­ 
gram to combine shoreline geophysical data with marine 
data obtained by the Coast and Geodetic Survey. Anal­ 
yses of the 1962 data show a large gravity low on the 
northern side of the Alaska Peninsula, with lowest 
values near Port Mollar. The gravity low is caused by 
a thick sedimentary sequence contained in a basin that 
extends along the north side of the peninsula.

Atlantic continental shelf and slope

During August 1962, the Geological Survey, in co­ 
operation with the Woods Hole Oceanographic Institu­ 
tion, began a joint 5-year geological, hydrological, and 
geophysical investigation of the continental shelf and 
slope of the Atlantic coast of the United States (Emery 
and Schlee).67 The joint project is under the direction 
of K. O. Emery of the Woods Hole Oceanographic In­ 
stitution and J. S. Schlee of the Geological Survey. 
Laboratory facilities at Woods Hole have been pre­ 
pared and equipped; the R/V Gosnold of the Woods 
Hole Oceanographic Institution has been converted and 
outfitted for marine geological studies; and existing 
pertinent data and samples have been assembled and 
studied. Following several short cruises to test equip­ 
ment during April and May 1963, a month-long cruise 
for systematic collection of samples and data from the 
continental shelf east of the New England States was 
begun in early June.

I87 Emery, K. O., and Schlee, J. S., 1963, The Atlantic continental shelf 
and slope A program for study: U.S. Geol. Survey Clrc. 481.
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Syntheses of published data and analyses of samples 
from the Gulf of Maine collected by the U.S. Bureau 
of Commercial Fisheries and other organizations have 
provided many interesting results. On the basis of a 
new cotidal map of the coast, Emery 68 has found that 
there is an unexpectedly great transfer of tidal energy 
to the shelf, which may account in part for coarseness 
of sediments on its surface. Emery also has noted close 
relations between monthly mean sea levels, water den­ 
sity, and water temperatures and salinities, which he 
plotted, and amounts of stream runoff for selected rivers, 
plotted by Donald J. Casey.68 The relations suggest 
that the apparent rise of sea level northeast of New 
York may be explained by increased runoff and that the 
previously advocated worldwide rise of sea level is com­ 
pensated northeast of New York by local uplift due to 
isostatic rebound following retreat of the Pleistocene 
glaciers. South of New York the apparent rise of sea 
level appears to be unrelated to runoff and may be due 
to a Worldwide rise of sea level.

On the basis of published data supplied by the Coast 
and Geodetic Survey, the Woods Hole Oceanographic 
Institution, and the University of Miami, Elazar 
Uchupi has compiled a new bathymetric chart of the 
Atlantic continental shelf, slope, and rise. He distin­ 
guishes seven physiographic provinces within the area 
of the chart: the continental shelf (20 to 70 km wide), 
the continental slope, the Blake Plateau, the Cape Fear 
Arch Extension, the Blake Plateau Outer Marginal 
Escarpment, the Florida Strait and the Pourtales Ter­ 
race.68 Uchupi (Art. 94) also has plotted the distribu­ 
tion of rocks and sediments dredged from the Atlantic 
shelf and related features. Pre-Quaternary rocks have 
been dredged from ledges, escarpments, and submarine 
canyons. Quaternary sediments on the shelf north of 
New York have large admixtures of glacial detritus; 
those south of New York are mainly detrital and or­ 
ganic sediments. Variations in textures and composi­ 
tions are related to currents, latitude, and physio­ 
graphic setting.

John C. Hathaway, Jobst Hulsemann, John S. Schlee, 
and James V. A. Trumbull 68 have assembled and 
adapted equipment for studies of the mineralogy, chem­ 
istry, and textures of sediments collected from the shelf 
and slope. Preliminary work on samples from the 
Gulf of Maine collected by the Bureau of Commercial 
Fisheries indicate many differences that can be used 
to distinguish sediments of varied origins and that will 
permit more definitive mapping of features on the 
ocean floor than was previously possible.

88 In Thayer, M. C., ed. 1963, Summary of Investigations conducted In 
1962 : Woods Hole Oceanog. Inst., Dep. Chemistry and Geology, p. 13-23.

Calcareous sediments of the Bahama Banks
Investigations by P. E. Cloud (2-62) and others show 

that recent calcareous sediments west of Andros Island 
resemble those from which some widespread aphanitic 
and pelletal limestones were formed in the past. These 
limemuds and pelletal limesands are accumulating be­ 
neath subtropical water of salinity averaging greater 
than 39 parts per thousand and rising locally to 46 parts 
per thousand over 13,000 square kilometers (5,000 sq 
mi) of shallow banks in the lee of this 170-kilometer- 
long island complex. Opposing surface currents that 
flow around the island and from the Straits of Florida 
retard exchange between bank and ocean waters, and a 
high rate of evaporation brings about unusual concen­ 
trations of the dissolved solids. Increasing salinity, in 
combination with elevated temperature and other fac­ 
tors, facilitates a high rate of calcium carbonate with­ 
drawal. Transport from Andros Island may be re­ 
sponsible for about 5 percent of the total sediment. 
Another 20 percent is of skeletal origin, mainly algal. 
The remaining 75 percent is believed to be due to chemi­ 
cal precipitation, with subsequent intensive organic 
pelleting of the clay .and silt fractions. Aragonite 
needles precipitated experimentally from sea water re­ 
semble both those found in the raw sediment and those 
of known algal origin. The range in temperature and 
salinity of the bank water is believed to be consistent 
with the formation tof the sedimentary needles at equi­ 
librium with it, as shown by analytical oxygen-isotope 
ratios. Although the biotas are not very diverse, the 
total biomass and variety are greater than has generally 
been reported. The more distinctive elements are ma­ 
rine angiosperms, codiacean and dasycladacean algae, 
sponges, annelids, tunicates, white mud-burrowing fish, 
and crustaceans. Bacteria in the bank muds were found 
by F. D. Sisler to reach local concentrations as great 
as 1010 individuals per g, wet weight, of sediment, and 
to have an abundance inversely related to grain size of 
the sediment. They decompose organic matter, take up 
oxygen, and evolve carbon dioxide, hydrogen, and per­ 
haps other gases.

HYDftOLOG/C STUDIES
Determination of the relations between water on 

land and that of the oceans has long been of interest in 
the Geological Survey. Surface-water discharge of 
rivers and other runoff has pronounced effects on tides 
and the composition of water in estuaries, bays, and 
along the coasts, as illustrated by continuing studies of 
the Delaware Eiver estuary (p. A125). Sediments and 
stream-borne wastes are dispersed and deposited in 
the oceans.
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Many Survey coastal cooperative programs have dealt 
with sea-water encroachment and equilibria between 
fresh water and salt water in coastal aquifers (p. 
A126). Amounts of fresh water than can safely be 
developed on islands and in coastal areas have been the 
subject of many studies. In some areas, notably in 
Florida, a major interest is the extent of fresh-water 
movement to the continental shelf and the process by 
which this occurs. Publications during the current 
year describing salt-water fresh-water relations in 
coastal areas include:
Long Island, N. Y.: Isbister, John (2-63) ; Lusczynski, N. J., and

Swarzenske, W. V. (1-62) ; Perlmutter, N. M., and Geraghty,
J. J. (2-63) ; Perlmutter, N. M., and Soren, Julian (1-63) ; 

New Jersey: Gill, H. E. (1-62) ; Seaber, P. R., Gill, H. E., and
Lang, S. M. (2-63) ; Seaber, P. R. (1-63) ; 

Georgia: Wait, R. L. (2-62) ; 
Florida: Bermes, B. J., Love, G. L., and Tarver, G. R. (1-63) ;

Brown, D. W., Kenner, W. E., Crooks, J. W., and Foster,
J. B. (1-63) ; Barraclough, J. T., and Marsh, O. T. (2-62) ;
Kohout, F. A., and Hoy, N. D. (1-63) ; Sherwood, C. B.,
Jr., and Klein, Howard (1-63) ; 

Texas: Anders, R. B., and Naftel, W. L. (1-63) ; 
Oregon: Brown, S. G., and Newcomb, R. C. (1-63) ; Hampton,

E.R. (1-63) ; 
California: Burnham, W. L., Kunkel, Fred, Hofmann, Walter,

and Peterson, W. C. (1-63) ; Evenson, R. E., Wilson, H. D.,
Jr., and Muir, K. S. (1-62) ; 

Hawaii: Visher, F. N., and Mink, J. F. (1-62).

Studies of the quality and geochemistry of water are 
contributing both directly and indirectly to marine hy­ 
drology. For example, knowledge gained from re­ 
search on key elements, such as iron, aluminum, and 
manganese, can now be applied to predict chemical re­ 
actions such as flocculation of sediments and precipita­ 
tion of radionuclides in estuaries where fresh water 
and salt water meet.

Delaware River estuary

Studies of the hydrology of the Delaware River estu­ 
ary underway since 1954 include the relations of river 
flow and tides, distribution of salinity in the estuary, 
quality of water of the river, and salt-water encroach­ 
ment into aquifers from the estuary. E. G. Miller (1- 
62) concluded that at all times, velocities of tidal cur­ 
rents in the Delaware River, whether upstream or 
downstream, are related to fresh-water discharge. 
Measurements of tidal flow during three (jycles indi-* 
cated that the maximum rate of upstream flow exceeded 
that of downstream flow for a given cycle by from 3 to 
11 percent, because downstream flow lasted up to 2 hours 
longer than upstream flow.

Bernard Cohen and L. T. McCarthy (1-62) reported 
[on salinity of the Delaware estuary on the basis of 
studies extending from July 1954 to December 1958. 
(They found that the most likely time for salt-water in­ 
vasion of the estuary was from August to October, when

fresh-water outflow was at a minimum and sea level 
outside the bay was highest; the least likely time is from 
December to May. The chloride content of the Dela­ 
ware River is 35 ppm or less, 64 percent of the time at 
Marcus Hook, Pa., and 95 percent of the time at Phila­ 
delphia.

During 1962, winter winds were responsible for ex­ 
traordinarily low tides and salinity distribution in the 
Delaware estuary. R. H. Tice, A. C. Lendo, and L. T. 
McCarthy, Jr., report that on December 31,1962, strong 
winds averaging 26 mph for 48 hours, with gusts to 2 
or 3 times the average, literally blew the water of the 
estuary into the Atlantic Ocean. The record low tides 
of December 31, which left ships stranded and water- 
supply intakes out of water for as long as 5 hours, were 
measured at 7 to 9 feet below normal low water (9 to 
11 feet below mean sea level) between Trenton, N.J., 
and Philadelphia, and 5 to 7 feet below normal low wa­ 
ter in the lower Delaware River and Delaware Bay. 
L. T. McCarthy and A. C. Lendo report that during 
the strong winds, the salt content of the Delaware estu­ 
ary at the Delaware Memorial Bridge near Wilming- 
ton, Del., decreased from 1,730 ppm on December 29 to 
182 ppm on December 31.

On January 1, 1963, as the tides returned to normal, 
the fresh-water flow into the estuary was unable to re­ 
place the fresh water outflow of the previous day. As 
a result, a surge of highly saline water from Delaware 
Bay caused large increases in salt content along the en­ 
tire estuary from the bay to just below the Schuylkill 
River at Philadelphia. The salt content continued to 
rise until January 9, when it reached a maximum of 
6,320 ppm at the Delaware Memorial Bridge. At Ches­ 
ter, Pa., the salt content, which averaged 32 ppm during 
December, rose rapidly on January 1 and reached a max­ 
imum of 1,140 ppm on January 9.

Biologic study of the Pqtuxent River estuary, Maryland

Robert L. Cory found in a study of the relations of 
attachment organisms and marine woodborers to the 
hydrologic environment within the Patuxent River es­ 
tuary, Maryland, that barnacles, mud-tube worms, tube- 
building amphipods, encrusting bryozoans, and algae, 
in that order, were the principal attachment organisms; 
marine borers were not active. Wooden test panels, 
placed at five sites, have been collected monthly and 
quarterly since November 1962. All attachments oc­ 
curred before the onset of cold winter weather. Growth 
was vigorous during October but slight during the win­ 
ter. Growth rates on the panels varied with depth as 
well as location. During October 1962, the highest or­ 
ganic production was 9.71 g per m2 on the bottom at the 
Benedict Bridge and the lowest was 1.55 g per m2 at 
Solomons Island. From October to January, the high-



A126 INVESTIGATIONS OF PRINCIPLES AND PROCESSES

est organic production was 78.43 g per m2 on the bottom 
at the bridge and the lowest was 18.83 g per m2 at Solo­ 
mons Island.

Salinity distribution in estuaries

C. Lai developed a theoretical equation to predict 
the change in salinity distribution in estuaries by gener­ 
ally following the concepts advanced by Ippen and 
Harleman.69 The salinity gradient predicted by the 
equation was compared with the observed gradient in 
the San Lorenzo River estuary in California. The 
comparisons indicate that the equation does not account 
for complicated boundary geometry, especially during 
periods of high tide.

Unsteady flow in tidal reaches

A theoretical analysis of unsteady flows of homo­ 
geneous density in tidal reaches by C. Lai led to a set of 
nonlinear partial differential equations. These equa­ 
tions were transformed into characteristic equations, 
and then organized into difference equations suitable 
for high-speed digital computers. As compared with 
the method of power series investigated by Baltzer and 
Shen,70 this model is more suitable for those tidal 
reaches with complex geometries, as for example, 
reaches with variable cross sections or with tributaries.

Discharge of tidal streams to Puget Sound

J. E. Cummans has found that discharge of tidal 
streams entering Puget Sound can be computed from 
a base rating curve for a gage located in the estuary and 
an adjustment curve for degree of submergence, obtained 
from one tidal gage in the sound. When height of tide 
above channel bottom is less than 30 percent of water 
depth at the stream gage the base rating can be used 
directly. When height of tide becomes 60 percent of 
depth the base rating is within 5 percent of true dis­ 
charge. Comparison of mean daily discharges com­ 
puted for 2 months by Cummans' method with mean 
daily discharge computed by the more elaborate rating- 
fall method showed that two-thirds of the days differed 
by less than 5 percent and that the maximum difference 
was less than 10 percent.

Tidal flooding at Atlantic City, N.J.

D. M. Thomas and G. W. Edelen, Jr., (1-62) report 
that on September 12, 1960, and again on March 6 and 
7, 1962, storms and high tides caused extensive flooding 
at Atlantic City, N.J., and on other parts of Absecon 
Island. During the 1960 flood, caused by Hurricane

68 Ippen, Arthur 1., and Harleman, Donald, R. R., 1961, One dimen­ 
sional analysis of salinity intrusion in estuarlesi: Corps of Engineers, 
U.S. Army, Tech. Bull., 5.

70 Baltzer, R. A., and Shen, John, 1961, Computation of homogeneous 
flows in tidial reaches by finite-difference method: Art. 162 in U.S. Geol. 
Survey Prof. Paper 424-C, p. C39-C41.

Donna, the maximum floodmark elevations were about 
6 feet and flooding was confined mainly to low areas on 
the inland shore of Absecon Island. During the 1962 
flood, caused by a slow-moving extratropical storm 
superimposed on excessively high tides, the maximum 
floodmark elevations were almost 12 feet at the south­ 
west end of Absecon Island, and elevations of 8 feet 
were recorded in downtown Atlantic City.

Storm flooding on the north coast of Puerto Rico

Swells generated by distant Atlantic storms produced 
25-foot waves along the north coast of Puerto Rico 
November 17,1962, and slightly lower waves January 1, 
1963. Waves in November exceeded known heights in 
recent years, caused structural damage, flooded high­ 
ways, and cut high beach ridges. Tide gages in shel­ 
tered ports were not strongly affected.

SALT-WATER INTRUSION IN COASTAL AQUIFERS 

Long Island

N. J. Lusczynski and W. V. Swarzenski report that 
calcium, magnesium and bicarbonate are enriched in 
comparison with the source waters in fresh-water-salt­ 
water blends in the Magothy (?) Formation near the 
deep salty-water wedge in southwestern Nassau County, 
Long Island, N.Y. Modifications from theoretical mix­ 
tures are caused by chemical and physical reactions 
between the different kinds of water and by exchange 
reactions between the minerals in the unconsolidated 
deposits and the minerals in the water.

Speculation on the position of the salty-water front 
on the south shore of Long Island, N.Y., in the Lloyd 
Sand Member of the Raritan Formation, the deepest 
artesian aquifer, has ranged in the past from several 
miles offshore to many miles away, at the edge of the 
continental shelf. Lusczynski and Swarzenski conclude 
from drilling, electric-log, and chloride data that the 
leading edge of the salty water in the upper or lower 
part of the Lloyd Sand Member is at or near Coney Is­ 
land in Kings County, at or near Rockaway Park in 
Queens County, at or near Atlantic Beach and Long 
Beach, and not more than 3 miles offshore from Jones 
Beach, in Nassau County. Moreover, N. M. Pearlmut- 
ter found salty water in the Lloyd Sand Member in 

.test wells drilled at Fire Island State Park and at Bell- 
port Coast Guard Station in Suffolk County. The 
leading edge of the salty water in the Lloyd Sand Mem­ 
ber evidently is at or near the barrier beaches along the 
entire south shore of Long Island. The position of the 
salty water in the Lloyd Sand Member is a natural situ­ 
ation except at Long Beach, where heavy pumpage has 
caused salt-water contamination of at least one of the 
supply wells. Studies of the width of the zone of diffu-
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in the Magothy(?) Formation between Atlantic 
Beach and Lido Beach suggest that the zone of mixed. 
salt and fresh water may be 3 to 5 miles wide in the 
Lloyd.

John Isbister (2-63) described a unique occurrence 
:>f fresh water at Center Island, near Oyster Bay, Long 
Island. Although surrounded on all sides by sea water, 
Center Island has ample supplies of fresh water thanks 
(to a fortunate combination of geology and hydrology. 
Shallow wells tap fresh water that floats on a salt-water 
lens in an unconfined aquifer. Deep wells tap fresh 
water in a confined aquifer that is sealed off from the 
overlying salty marine water by thick clay strata, and 
is replenished by infiltration on the main body of Long 
Island.

Puget Sound

Several wells at Hyada Park, on an upland coastal 
area near Tacoma, Wash., produce water that with 
continued pumping becomes too saline for use, accord­ 
ing to G. E. Kimmel (Art. 50). Although precipita­ 
tion is abundant, recharge to the body of fresh ground 
[water beneath the area apparently is limited by the low 
permeability of the glacial till that mantles the upland.

Effects of fluctuations in sea level on relations between 
fresh and salt ground water

Studies by J. E. Upson of the occurrence of salt 
ground water in the Netherlands have led to the sug­ 
gestion that relationships between fresh and salt ground 
water along coasts may be rendered complex by post­ 
glacial fluctuations of sea level, and attendant shore 
processes.

Contrary to the usual situation, the coastal region of 
the Netherlands extending 20 to 30 kms inland is under­ 
lain by moderately salty water which forms in reality a 
gigantic zone of transition. This is thought to result 
from dispersion and diffusion processes accompanying 
the so-called Atlantic marine transgression 7,500 to 
5,000 years ago.

| Superimposed on this zone in the Zuider Zee region 
is a thin sheet of much saltier water introduced by swift 
sea transgressions over coastal marshlands generally in 
the most recent 2,500 years. These supposedly result 
from local break-throughs of a coastal barrier, but 
crustal subsidence may play a minor role. In the coastal 
dune strip are linear lenses of fresh water that supply 
many coastal cities and towns. These lenses were 
developed and maintained by infiltration of rainfall in 
the past few thousand years when the dunes became 
sufficiently high and extensive to absorb appreciable 
quantities of water. The fresh-water lenses beneath 
the coastal dune strip formed above the seaward, saltier 
parts of the older zone of transition, and are separated 
from it by a sharp interface, 10 to 30 in. thick, that ap­

proaches the classic concept of the fresh water-salt 
water interface.

ASTROGEOLOGIC STUDIES

The major long-range objectives of the studies being 
conducted by the Branch of Astrogeology are to deter­ 
mine and map the stratigraphy and structure of the 
Moon's crust, to work out from these the sequence of 
events that led to the present condition of the Moon's 
surface, and to determine the processes by which these 
events took place. The studies have been made in co­ 
operation with the National Aeronautics and Space 
Administration.

LUNAR AND PLANETARY INVESTIGATIONS

Geologic mapping of the Moon involves discrimina­ 
tion of the different materials exposed on the lunar sur­ 
face and their assignment to geologic units, the deter­ 
mination of the photometric characteristics of these 
materials, delineation of the boundaries of the units, and 
determination of their stratigraphic sequence.

Geologic maps of the Kepler and Letronne regions 
of the Moon have been published (E. J. Hackman, 
1-62; C. H. Marshall, 1-62), preliminary maps of the 
Copernicus and Appennine regions are completed, and 
a map of the Eiphaeus Mountains region is nearly com­ 
pleted. Mapping is in progress in twelve other regions. 
Completed or nearly completed mapping covers about 
1,750,000 square kilometers, and mapping in progress 
3,500,000 square kilometers.

Geologic studies have been concentrated in and near 
the Lansberg region of the Moon, the nominal target 
area for unmanned lunar probes of the Eanger and 
Surveyor projects. The Lansberg region comprises 4 
quadrangular map areas: Copernicus, Kepler, Letronne, 
and Eiphaeus Mountains. When mapping of the Ei­ 
phaeus Mountains region has been completed, the geol­ 
ogy in the 4 regions will be compiled at a scale of 
1:2,000,000 on the U.S. Air Force Aeronautical Chart 
and Information Center topographic map of the Lans­ 
berg region.

The thickness of the Apenninian Series of the Im- 
brian System in the Lansberg region has been studied 
by E. E. Eggleton (1-63). The Apenninian forms a 
great sheet of material surrounding Mare Imbrium, 
and is exposed in about 20 percent of the area of the 
Lansberg region. The Apenninian was deposited on a 
surface abundantly pockmarked with craters of var­ 
ious sizes. The obscuring of individual craters by the 
Apenninian blanket increases as crater size decreases. 
An estimate of the thickness of the Apenninian has been 
made on the basic assumption that the thickness equals 
the ideal unmodified depth of the smallest craters that
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are barely perceptible through the blanket. In each 
4° rectangle of the Lansberg region the smallest dis­ 
cernible pre-Apenninian crater was found, and. the 
original crater depth was calculated from the empirical 
relation between depth and diameter in unmodified or 
slightly modified lunar craters. These depths, taken 
as the local thickness of the Apenninian blanket, were 
plotted on a fence diagram. These data show that the 
Apenninian has an average thickness of about 600 m 
in the eastern three-fourths of the Lansberg region. 
In the eastern half of the region there is a general de­ 
crease in thickness toward the south, radially away from 
the inner Mare Imbrium basin. These results support 
the hypothesis that the Apenninian Series is ejecta from 
Mare Imbrium, analogous to rim materials of craters 
like Copernicus.

The thickness variations of the Procellarian System 
in the Lansberg region have been studied by C. H. 
Marshall (2-63). The Procellarian, exposed over 70 
percent of the Lansberg region, comprises mare material 
and is characterized by a surface of low relief with 
scattered scarps, ridges, and domes. The buried pre- 
Procellarian surface was reconstructed in part by esti­ 
mating the original depth of partly buried craters, and 
in part by extrapolating the geology adjacent to the 
margins of the Procellarian. From this reconstruction 
a preliminary isopachous map showing the thickness of 
the Procellarian was drawn. The Procellarian mare 
material (in which some pre-Imbrian marelike mate­ 
rial and some Apenninian material may be included) 
has an average thickness in the Lansberg region of 
about 1,100 m and a volume of about 1 million cu km. 
Mare ridges occur in areas underlain by thick Procel­ 
larian deposits, and domes commonly occur in areas of 
thin Procellarian deposits. The trends of mare ridges 
and scarps may be the result of renewed movements 
along pre-mare faults.

The albedos of lunar geologic units are being ex­ 
amined statistically by C. W. Davis, A. T. Miesch, E. N. 
Eicher, and E. C. Morris (1-63), in order to derive 
parameters that may characterize the units. Digitized 
microphotometer readings are taken at 1-mm intervals 
along traverses 1 mm apart across full-moon photo­ 
graphs at a scale of 1:2,000,000. The readings ob­ 
tained are integrated values for the light transmitted by 
the photograph over an area 0.1 mm square. The data, 
which are recorded on paper tape and assigned to spe­ 
cific geologic units, are to be converted to a form suit­ 
able for input into a Burroughs 220 computer. The 
computer is programmed to compute the bulk statistics 
of the brightness of given geologic units. Textural 
statistics will be determined by comparing the character­ 
istics of "cells" containing different numbers of original

data points, and these statistics are to be computed both 
on the original data and on deviations from computed 
regional trend surfaces. The readings will be reduced 
to standard photometric values by including points in 
the traverses at which normal albedos have been de­ 
termined.

In another photometric study, by E. G. Henderson 
and W. A. Fischer (1-63), a single microdensitometer 
traverse across a lunar photograph was analyzed using 
second derivatives, Fourier integrals, and autocorrela­ 
tion techniques. The Fourier analysis allows geologic 
units to be distinguished on the basis of relative maxi­ 
mum amplitudes and frequency range of the brightness

Brightness variations of stratigraphic units in the 
Lansberg region have been studied by E. J. Hackman 
(1-63), who has compiled an isotonal map from meas­ 
urements made with a microdensitometer on a full- 
moon photographic plate. Emphasis in this recon­ 
naissance study was on distinguishing variations within 
the darker tone values characteristic of the maria. The 
measured values appear to be related to composition 
and texture of material rather than to topography.

A search of the literature of E. C. Morris (1-63) 
revealed 29 measurements of normal albedo in the Lans­ 
berg region on which data were available as to both 
size of area measured and location. These measure­ 
ments, all of which had been determined photographi­ 
cally, were plotted on a base map of the Lansberg region 
on which the light and dark facies of the mare ma­ 
terial were shown. The dark facies has albedos less 
than 0.060; the light facies has albedos from 0.065 to 
0.072; values on post-mare craters range up to about 
twice these, with the highest value 0.135 in the center 
of the crater Copernicus. This preliminary study is 
to be followed by photoelectric measurements of albedos 
which will be used to calibrate photographic plates for 
photometric studies.

The albedo measurements obtained from the litera­ 
ture were compared with the values on the isotonal map. 
For areas of the Procellarian mare material a relation­ 
ship exists that may be represented by

log(tone) =6.0(albedo) + 0.5

For areas of greater brightness the plot of albedos 
against tone values has a large scatter, indicating the 
insensitivity of the tone scale in these areas.

In 1961, K. Kordylewski of Krakow University re­ 
ported luminous clouds in the L4 and Ls libration re­ 
gions of the Earth-Moon system. These are regions of 
gravitational equilibrium that lie in the Earth-Moon 
plane at the vertices of equilateral triangles which share 
a common base extending from the center of the Earth 
to the center of the Moon. If the "Kordylewski clouds"
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actually exist, they are probably composed largely of 
particles ejected from the Moon by hypervelocity im­ 
pact of asteroidal and cometary material. Accurate 
measurements of such clouds may permit an estimate of 
the rate of flux of material ejected from the Moon.

A systematic photographic investigation of the libra- 
tion regions was begun by Morris and H. G. Stephens 
(1-62) during the summer of 1962 at Mt. Chacaltaya, 
Bolivia. Glass photographic plates exposed in July 
and August and covering a sky area 45° by 37° in the 
L5 region were examined with a microphotometer, but 
no clouds of particulate matter were detected. Be­ 
cause the residence time of particles in the libration re­ 
gions may be brief and the supply of matter sporadic 
rather than constant, the investigations are to continue.

CRATER INVESTIGATIONS

These investigations include field studies of terrestrial 
craters, hypervelocity impact experiments with rocks 
and other materials, studies of behavior of rocks under 
high shock loads, and experimental and field studies 
of shock metamorphism in rocks.

A high-density polymorph of SiO2 was found in the 
coesite-bearing Coconino Sandstone of Meteor Crater, 
Ariz., by E. C. T. Chao, J. J. Fahey, Janet Littler, and 
D. J. Milton (6-63). The new mineral was named 
"stishovite" in honor of the Russian experimentalist 
who shortly before had synthesized the phase at tem­ 
peratures of 1200°-1400°C and a pressure of about 130 
[kilobars.

Because it occurs sparsely in very fine grains, stisho- 
[vite has not been observed in thin section. However, 
nearly pure samples have been obtained by differential 
solution of the sandstone in hydrofluoric acid. X-ray 
power data on the stishovite concentrate agree with data 
on the synthetic material in both d-spacing and inten­ 
sity of reflections. The reflections have been indexed 
and are consistent with the space group P4/mnm or ru- 
tile. Stishovite is the first mineral recognized in which 
^ilicon occurs in octahedral rather than tetrahedral co- 
^>rdination with oxygen. The presence of stishovite at 
[Meteor Crater is attributed to the transient shock pres- 
|sure accompanying meteorite impact. The minimum 
peak pressure indicated by the presence of stishovite is 
more than five times that previously estimated from the 
presence of coesite.

Another mineralogical transformation possibly in- 
^iuced by shock is the formation of maskelynite. Maske­ 
lynite, a major constituent of the rare meteorites of the 
[shergottite class, is an isotrophic glass with the composi­ 
tion of plagioclase and pseudomorphous after that min- 
feral. Except for the substitution of maskelynite for 
[ordinary plagioclase, shergottite is similar to many ter­

restrial gabbros. To produce a shergottitelike material 
experimentally, two wafers of gabbro from the Still- 
water Complex, Mont., were subjected to explosively in­ 
duced shock by D. J. Milton and Paul De Carli (1-63, 
2-63) of the Stanford Research Institute. The peak 
shock pressure in one wafer was 600-800 kilobars, with a 
shock temperature of 1700°-2100°C; the peak shock 
pressure in the other wafer was 250-350 kilobars with a 
maximum temperature of 200°-300°C. In both wafers 
the pyroxene remained crystalline. In the more strongly 
shocked specimen the plagioclase was transformed into 
a vesicular glass. In the less intensely shocked speci­ 
men, the plagioclase was entirely converted to maskely­ 
nite, which, although completely isotropic, still shows 
the cleavage cracks and crystal outlines of plagioclase. 
The less intensely shocked material resembles shergot­ 
tite, suggesting that meteoritic maskelynite was formed 
by shock at a comparatively low temperature rather 
than by thermal melting. Shergottite may be lunar ma­ 
terial shocked and ejected by an impact event on the 
Moon.

Relations bewteen dimensions of impact craters and 
the. properties of the target and projectile have been 
established on the basis of a large number of high- 
velocity and hypervelocity impact experiments on rock 
targets by H. J. Moore, 2d (1-63), and D. E. Gault 
of the National Aeronautics and Space Adminis­ 
tration. The ratio of crater depth to projectile 
diameter (p/d) plotted against the ratio of projectile 
density to target density times the ratio of the 
projectile velocity to acoustic velocity of the target

PP V
Pt c

gives a nonlinear curve. The curvature may result 
either from a series of impact regimes or from a con­ 
tinually varying relation due to the changing strength 
of the target. To take account of the changing strength 
of the target with pressure, the value (S t/pt) % , where 
S t =target strength, may be substituted for C. Such 
a substitution should lead to a more linear relationship 
between the crater dimensions and the properties of the 
target and projectile.

Moore (2-63), Gault, and R. W. MacCormack, of 
the National Aeronautics and Space Administration, 
have utilized this relation to compare craters produced 
in rocks and metals with those produced in water. The 
approximate deformation strength for a hemispherical 
water crater is equal to the sum of the strengths due to 
hydrostatic pressure head, to surface tension, and to 
viscosity. Deformation strengths computed in this 
manner are in substantial agreement with deformation 
strengths calculated by a formula derived on a theoreti­ 
cal basis by Charters and Summers for impact craters 
formed in metal targets in the fluid-impact regime.
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Using this calculated deformation strength for water, 
fluid-impact craters produced by water drops on water 
can be correlated with fluid-impact craters in rock and 
metal targets. For rocks and metals, the product of 
target density and heat of fusion provides a maximum 
value for St , and the unconfined compressive strength 
provides a minimum value. However, correlation with 
water craters is better when the shear strength and 
density of 49 kilobars are used for St and pt respec­ 
tively.

An inexpensive technique for determining the shock 
equations of state of rocks has been developed by M. H. 
Carr (1-63). The rock specimen, in the form of a rod, 
is placed in contact with an aluminum rod. A shock 
wave passes through the aluminum and then through 
the specimen. The speeds of the shock wave in 
aluminum and in the specimen are determined by 
measuring the times of arrival of the shock wave at 
strain gages bonded to the two materials. From these 
two speeds the shock equation of state is determined 
using an impedance match solution.

A preliminary study of the thermoluminescence of 
samples from several stratigraphic horizons exposed 
in the meteorite craters at Odessa, Tex., has been made 
by C. H. Eoach, G. E. Johnson, J. G. McGrath, V. M. 
Merritt, and T. S. Sterrett (1-63). The stress asso­ 
ciated with meteorite impact greatly reduced the total 
thermoluminescence of limestone, calcareous sandstone, 
and caliche. However, the ratio of the intensities of the 
low to the high temperature peaks of the glow curves 
is higher in stressed than in unstressed limestone and 
calcareous sandstone. The glow curves of the stressed 
caliche show peaks; those of unstressed caliche are 
smooth.

In solid-state studies at Project GNOME near Carlsbad, 
N. Mex., the same investigators have found that shock- 
induced thermoluminescence in the rocks enclosing an 
underground nuclear explosion extends farther than 
the explosion-produced radioactivity. Other solid-state 
methods, such as exoelectron emission and single- 
crystal X-ray techniques, may also be able to detect 
shock-induced properties of rocks beyond the limits of 
radioactivity produced in underground nuclear explo­ 
sions. Solid-state techniques may thus prove useful in 
the detection of clandestine explosions.

An instrumentation project was started in July 1962 
to develop certain types of electronic equipment and 
techniques of measurement. An apparatus has been 
developed for measuring the luminescence emitted from 
minerals as they are heated at a rapid linear rate from 
room temperature to 400°C. This thermoluminescence 
apparatus will be used in the solid-state investigations 
for studies of shock-induced thermoluminescence of

rocks exposed in terrestrial meteorite craters. A mobile 
analytical laboratory is being equipped to make solid- 
state investigations in the field. Several other problems 
of instrumentation are under study.

Vesicular glass from a highly disturbed structure 
in gneiss at Kofels in the Austrian Tyrol, examined by 
D. J. Milton (3-63), shows features inconsistent with 
the volcanic origin usually ascribed to it. Quartz in­ 
clusions have been melted, but the silica glass remains 
in discrete drops that have not dissolved in the matrix 
glass. Such silica glass inclusions have been observed 
in glasses formed by friction along a thrust fault and 
by meteorite impact, but not in volcanic glasses. The 
explosion of a small nuclear device buried behind a 
steep slope produced a geologic structure that is a good 
small-scale model of that at Kofels. Impact of a large 
meteorite would have an effect analogous to that of a 
subsurface explosion, as has been suggested by F. E. 
Suess, and is a likely cause of the Kofels feature.

Mapping of the Flynn Creek structure in north- 
central Tennessee by D. J. Roddy tentatively confirms 
its suggested impact origin. A central core of brec- 
ciated limestones is surrounded by a circular rim of 
folded and faulted Upper Ordovician limestones. 
Steeply dipping, slightly brecciated limestones, locally 
containing shatter cones, crop out in the central part 
of the breccia core. The Chattanooga Shale of Late 
Devonian and Mississippian age unconformably over­ 
lies the disturbed structure, providing a minimum age 
(Art. 74).

COSMOCHEM/STRY AND PETROGRAPHY
Studies are being made of the chemical, petrographic, 

and physical properties of materials of extraterrestrial 
origin, materials associated with terrestrial impact 
structures, and particles of possible cosmic origin.

The physical and chemical properties of tektites, 
glassy materials thought to have originated from im­ 
pacts on the Moon's surface, are being actively studied. 
The present state of knowledge has been reviewed by 
E. C. T. Chao (5-63). Tektites from all strewn fields 
have the following physical characteristics in common: 
They are completely amorphous glass without micro- 
lites. Their approximate range of bulk specific gravity 
is 2.30 to 2.51, and of bulk index of refraction, 1.480 to 
1.519. All tektites show flow structure, and nearly all 
contain inclusions of lechatelierite or other glasses. The 
index of refraction of these inclusions ranges from 1.46 
(pure silica glass) to 1.495. These inclusions, which 
commonly show an extremely intricate wavy or criss­ 
cross pattern, indicate that at the time of tektite forma,' 
tion, materials of different original composition co­ 
existed in a highly fluid state, presumably at tempera-
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tures of 2000°C or higher, and that subsequent cooling 
was rapid.

The content of silica in tektites ranges from about 
68.0 to 82.7 percent. Compared to igneous rocks of cor­ 
responding silica content, they are low in alkali content, 
and all except the bediasites of Texas have a high lime 
and magnesia content. The water content is extremely 
low, less than 0.02 percent, and the ferric/ferrous ratio 
is very low, about 0.05. The minor-element content is 
similar to that of terrestrial rocks.

All the physical and chemical characteristics of 
tektites are compatible with an hypothesis that they 
formed by the melting of siliceous igneous rock with 
volatilization of some of the alkalis by impact of a me­ 
teorite, asteroid, or comet. Spherules of nickel-iron in 
some philippinites may be remnants of the impacting 
object. The low ferric iron content of tektites suggests 
that their formation did not take place in the Earth's 
oxygen-rich atmosphere; furthermore, no crater is 
known to be associated with any of the strewn fields. A 
lunar impact origin seems indicated.

Tektite localities in the Philippines, Viet Nam, Thai­ 
land, Java, and Australia were visited by Chao (1-63, 
4-63). The philippinites occur in or above sedimentary 
deposits of middle Pleistocene age. The javanites occur 
on top of a gravel of middle Pleistocene age. The 
tektites of the Asian mainland occur in laterized soil of 
probable late Pleistocene age. Some of the australites 
occur above a middle Pleistocene aeolianite. It is not 
yet possible to state without reservation that all these 
tektites fell contemporaneously, but the evidence is con­ 
sistent with the hypothesis of a single shower that prob­ 
ably fell in late Pleistocene time.

A. N. Thorpe, F. E. Senftle, and F. Cuttitta (1-63, 
2^63, 3-63) found the magnetic susceptibility of tektite 
glass to be closely related to the content of ferrous or of 
total iron. Measurement of the susceptibility thus af­ 
fords a rapid nondestructive method of determining the 
iron content of tektites. The specific magnetic sus­ 
ceptibility of ferrous iron in tektites calculated from 
these data shows that the orbital magnetic moment is 
almost completely quenched.

Pete Signer found extraction of radiogenic argon 
from samples of bediasite to be unexpectedly difficult. 
Several hours were required to extract the argon from 
melts at temperatures as high as 1800 °C. Nevertheless, 
the K/Ar ages indicate that at the time of formation 
of tektites an extremely efficient outgassing took place. 
The temperatures and time available seem entirely in­ 
adequate for such outgassing by ordinary diffusion. 
Outgassing must have occurred by some other method, 
perhaps as a phenomenon of extreme shock.

Although tektites are believed to have been produced 
by impact, they are quite different from the highly het­ 
erogeneous, vesicular, crystal-bearing impactite glasses 
found at meteorite craters. This gap is partially 
bridged by a dense glass found in small amounts in the 
Otting quarry at the Kies crater in southern Germany, 
and studied by Chao and Janet Littler (2-62, 2-63). 
The glass contains lechatelieritelike inclusions and has a 
flow structure very similar to that of tektites; its 
magnetic susceptibility is similar to that of some in- 
dochinites and philippinites. It differs, however, from 
tektites in containing crystal fragments. The compo­ 
sition of the glass suggests that it was derived from 
biotite granitic gneiss of the basement underlying the 
Kies crater. Although they have the same K/Ar age, 
the dense glass and the moldavites of Czechoslovakia 
differ in chemical composition, so that, they can have no 
direct connection.

C. W. Mead, Chao, and Littler (1-63, 2-63) have 
studied metallic spheroids, in the soil around Meteor 
Crater, Ariz., which condensed from meteroritic ma­ 
terial melted or vaporized at the time of the impact. 
The particles commonly are about 0.5 mm in diameter 
and are characteristically coated by siliceous glass that 
contains minute fragments of quartz. The spheroids 
consist mainly of kamacite, with geothite, maghemite, 
and an unidentified phase that may be schreibersite. 
The kamacite is finely granular and has a highly vari­ 
able composition. Some has only 2 percent nickel, 
much less than the parent meteorite. The spheroids are 
very similar to those that occur in some philippinities, 
which suggests that the latter also originated by mete­ 
orite impact.

STUDIES FOR SPACEFLIGHT PROGRAMS

Studies for the spaceflight program are being under­ 
taken to aid in the design of space-flight experiments 
and the planning of space missions. An investigation 
of the lunar surface, in connection with planned Sur­ 
veyor and Ranger missiles, is being directed by E.M. 
Shoemaker. The studies are to include testing of the 
physical-properties experiment on the Surveyor light­ 
weight payload, field testing of the TV cameras on 
natural terrains around Flagstaff, Ariz., and exercises 
in interpreting the results recorded by the TV system. 
Plans also included analyses of the results from the 
Ranger impacting capsules in fiscal 1964.

Investigations of the frequency distribution of craters 
on the Moon show that secondary-impact craters domi­ 
nate the population of craters of about 1 kilometer or 
less in diameter, and that these secondary-impact craters 
have approximately the same frequency-distribution
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slope as the larger craters. The frequency of impact of 
micrometeoroids on the lunar surface and secondary 
particles produced by the micrometeoroids will produce 
small craters, having diameters of the order of 1 to 2 
millimeters, which can be observed with the Surveyor 
TV system. These events will probably be observed 
directly on a surface area of about 1 square meter that 
can be monitored every hour or so by the system.

The existence of an "atmosphere" of dust about the 
Moon has been suggested by D. E. Gault, Shoemaker, 
and H. J. Moore II (1-62, 1-63). In the absence of 
any appreciable gaseous atmosphere, the surface of the 
Moon is subjected to continuous bombardment by projec­ 
tiles covering the complete size-spectrum of interplane­ 
tary debris. Each projectile, striking the lunar surface 
with full cosmic velocity, excavates and sprays sec­ 
ondary fragments into ballistic trajectories across the 
lunar surface.

Experimental studies of hypervelocity impact into 
rock at the Ames Research Center indicate that between 
102 and 10s fragments with masses greater than the 
projectile mass will be produced for each impact at 
velocities from 15 to 30 kilometers per second. An 
analysis of the integrated effect of the continuous bom­ 
bardment by interplanetary debris on the Moon suggests 
that the flux of ejected fragments of a given mass will 
be at least 10s and probably 104 times the flux of inter­ 
planetary projectiles of the same given mass. Al­ 
though some of these fragments should be ejected with 
sufficient velocity to escape the lunar gravitational field, 
most of the excavated mass will be ejected with velocities 
less than 500 meters per second and will return to the 
lunar surface to cause secondary-impact events within 
a few kilometers of the primary crater. A tremendous 
number of small fragments (whose integrated mass is 
but a small fraction of the total ejected mass) should 
travel most of the way around the lunar circumference 
before returning to the surface. The great bulk of the 
excavated fragments will never rise to more than a few 
kilometers above the lunar surface. With a sufficiently 
high flux rate of interplanetary debris, the continuous 
production of secondary fragments could establish a 
"steady state" cloud of particles flying above the lunar 
surface. The spatial density of the fragments at the 
lunar surface is estimated to be of the order of 10s to 
107 times the spatial density of the interplanetary debris.

An exact assessment of the population of the second­ 
ary fragments cannot yet be made, owing to uncertainty 
in the flux of interplanetary debris which impacts the 
lunar surface. If, however, one accepts a mass-number 
distribution for the interplanetary debris midway be­ 
tween those suggested by Watson and by Whipple, then 
a secondary flux rate onto the lunar surface of the order

of one particle/m2/sec is obtained for fragments having 
masses equal to or greater than 10-10 grams. This flux 
rate corresponds to a spatial density at the lunar surface 
of approximately 10~2 particles/m8.

C. R. Warren has suggested that the surface material 
of the Moon has the texture of a skeletal fuzz, several 
millimeters or centimeters deep. The solid part of the 
fuzz is thought to consist of randomly oriented linear 
units, with or without enlarged nodes, which may either 
mesh or branch. This model is in accord with the 
photometric properties of the lunar surface. The 
skeletal fuzz may be formed by the etching of the cell 
walls of vesicular rock by solar protons (Art. 39).

LUNAR BIBLIOGRAPHY
Card indexes to lunar and planetary literature of 

general scientific interest are being compiled. These 
serve not only as reference tools but also as guides to 
acquisition of specialized library materials in astro- 
geology. At present the lunar index contains about 
7,700 references to the surfaces and environment of the 
Moon. A similar index to the literature of meteorite 
craters has been begun; it contains about 450 references.

GEOPHYSICAL INVESTIGATIONS

STUDIES OF THE CRUST AND UPPER MANTLE

The U.S. Geological Survey is continuing its active 
investigation of the properties and broad-scale features 
of the crust and upper part of the mantle of the earth. 
These studies have received added emphasis with the 
publication this year of the proposed United States 
Program for the International Upper Mantle Project 
by the National Academy of Sciences-National Re­ 
search Council. At the present time, the Geological 
Survey is making major contributions to knowledge of 
the crust and upper mantle in the fields of explosion, 
seismology, earthquake seismology, gravity and isostasy, 
heat flow, earth currents, and areal magnetism. Much 
of the work in seismology and magneto-telluric currents 
has been sponsored by the Advanced Research Projects 
Agency of the Department of Defense as a part of proj­ 
ect VELA TJNIFORM. Other contributions to our 
knowledge of the outer shells of the earth are of course 
being made from other investigations particularly in 
field mapping and regional geophysical investigations, 
geochronology, properties of geological material, volca- 
nology, and experimental geochemistry but insofar as 
these contributions are directed primarily toward other 
goals, they are reported elsewhere in this volume. '

Seismic-refraction studies

The network of recordings of seismic waves generated 
by underground nuclear and chemical explosions has
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been expanded to include an area extending from the 
California coast to eastern Colorado and from northern 
Idaho to the border of the United States and Mexico. 
In addition, seismic waves have been recorded along a 
profile extending north from the Gulf Coast to the 
center of Mississippi. About 2,000 recordings have 
been made in all, of which about 1,700 are from chemi­ 
cal explosions and 300 from underground nuclear ex­ 
plosions. From these recordings it has been possible 
to deduce variations in the thickness of the crust and 
in the seismic velocities of the upper-mantle rocks in 
this broad region. Additional information has been 
obtained in some places on the nature of seismic layering 
within the crust.

Crustal thickness along the California coast as deter­ 
mined from two reversed seismic-refraction profiles ex­ 
tending from San Francisco to Los Angeles is generally 
about 25 kilometers.71 Interpretation of a profile ex­ 
tending from San Francisco to Fallon, Nev., indicates 
that the crust thins eastward to less than 20 km under 
the Central Valley of California, and then thickens 
abruptly to more than 40 km under the Sierra Nevada.72 
Farther east, in the Basin and Range province of east­ 
ern California, Nevada, southwestern Utah, and north­ 
western Arizona, a detailed network of seismic profiles 
has been interpreted by several investigators (Eaton; 72 
Pakiser and Hill; 73 Roller and Healy; 74 and Ryall and 
Stuart).75 Crustal thickness in the Basin and Range 
province was found to be generally in the range 25 to 
35 km, and to be directly related to regional altitude 
above sea level.76

North of the Basin Ranges, in the Snake River Plain 
of Idaho, crustal thickness is interpreted to be about 
45 km,76 and to the east, in the Colorado Plateaus, 
crustal thickness is interpreted to be about 40 km. 75 
Crustal thickness interpreted from 2 profiles in the 
Great Plains province in eastern Colorado and eastern 
New Mexico is about 50 km (Stewart and Pakiser, 
1-62; Jackson, Stewart, and Pakiser).77 Crustal thick-

71 Healy, J. H., 1963, Crustal structure along the coast of California 
from seismic-refraction measurements: Jour. Geophys. Research, v. 68. 
[In press]

72 Baton, Jerry P., 1963, Crustal -structure between Eureka, Nevada, 
and San Francisco, California, from seismic-refraction measurements: 
Jour. Geophys, Research, v. 68. [In press]

78 Pakiser, L. C., and Hill, D. P., 1963, Crustal structure in Nevada 
and southern Idaho from nuclear explosions: Jour. Geophys. Research, 
v. 68. [In press]

74 Roller, J. C., and Healy, J. H.. 1963, Crustal structure between 
Lake Mead, Nevada, and Santa Monica Bay, California, from seismic- 
refraction measurements: Jour. Geophys. Research, v. 68. [In press]

75 Ryall, Alan, and Stuart, David J., 1963, Travel times and ampli­ 
tudes from nuclear explosions Nevada Test Site to Ordtway, Colorado: 
Jour. Geophys. Research, v. 68. [In press])

79 Pakiser, L. C., 1963, Structure of the crust and upper mantle in 
the western United States: Jour. Geophys. Research, v. 68. [In press]

77 Jackson, W. H., Stewart, S. W., and Pakiser, L. C., 1963, Crustal 
structure in eastern Colorado from seismic-refSraction measurements*: 
Jour. Geophye. Research, v. 68. [In press]

ness has not been determined directly in the southern 
Rocky Mountains of Colorado, but it lias been inferred 
to be about 60 km from a profile extending about 300 km 
west into the mountains from a shot point in southeast­ 
ern Colorado. Recordings along this profile failed to 
reveal evidence of the upper mantle from first arrivals 
of shock waves,76 and this implies a thicker crust than 
that in eastern Colorado.

Regionally significant variations in the speed of com- 
pressional waves in the upper-mantle rocks have been 
revealed by the program of long-range seismic-refrac­ 
tion profiling, and these are related to crustal thickness 
and regional altitude above sea level. The speed of 
compressional waves in the upper-mantle rocks in the 
broad region south of the Snake River Plain and west 
of the Colorado Plateaus is generally in the range 7.7 to 
7.9 km per sec, except along the California coast where 
it is about 8.0 km per sec. In the Colorado Plateaus, 
upper-mantle speeds of about 8.0 km per sec are indi­ 
cated. In the Great Plains region, the average speed 
of compressional waves in the upper-mantle rocks is 
about 8.2 km per sec. Thus, upper-mantle speeds vary 
by about 6 percent in the Western States. A similar 
variation in upper-mantle densities can be inferred 
from the seismic data.76

With few exceptions, the speed of compressional 
waves in the upper layer of the crust, below the veneer 
of sedimentary rocks, is about 6.0 km per sec. In the 
Great Plains of eastern Colorado and eastern New 
Mexico, evidence was found for material with a seismic 
speed of about 6.7 km per sec at depths of 20 to 30 km 
(Stewart and Pakiser, 1-62; Jackson, Stewart, and 
Pakiser); 77 this speed is appropriate for material of 
gabbroic composition. Material of similar seismic 
speed was found in the Snake River Plain at depths 
less than 10 km.76 This places a lower limit on the depth 
to which anomalously dense bodies defined by gravity 
can extend.78 Reflections and secondary refractions 
of seismic waves indicate that this layer is also probably 
present at a depth of about 20 km in the Basin and 
Range province.72 74

In summary, isostatic compensation on a scale that 
includes many geologic provinces is affected by vari­ 
ations in the density of the rocks of the upper mantle. 
Where the density (inferred from velocity) is high, 
such as in the Great Plains province, the crust is rela­ 
tively thick; where the density (inferred from veloc­ 
ity) is relatively low, such as in the Basin and Range 
province, the crust is much thinner. Within the Basin 
and Range province, and perhaps others, a direct rela­ 
tion exists between regional altitude above sea level and

78 Hill, D. P., 1963, Gravity and crustal structure in the western 
Snake River Plain, Idaho: Jour. Geophys. Research, v. 68. [In press]
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crustal thickness; in the basin ranges the properties of 
the upper-mantle rocks are nearly uniform. Differences 
in the properties of the crust and upper mantle seem to 
be related to Cenozoic geology. The Basin and Eange 
province has been dynamically active in Cenozoic time 
(block faulting and widespread volcanism); the Great 
Plains province has been relatively stable.

Seismic waves from marine explosions detonated by 
the Scripps Institution of Oceanography during ocean- 
borne seismic profiling along the northeast coast of 
Hawaii in April 1962 were recorded by seismographs of 
the Hawaiian Volcano Observatory network. These 
data interpreted by Jerry P. Eaton provided segments 
of refraction travel-time curves for ranges of 35 to 56 
km (Hilo) and 63 to 88 km (Pahoa, Mauna Loa, Uwe- 
kahuna, North Pit, Ahua, and Desert). They indicate 
apparent wave velocities of about 7.0 km per sec and 
8.1 km per sec for the oceanic crust and for the upper 
mantle, respectively, beneath eastern Hawaii. The 
Mohorovicic discontinuity appears to lie at a depth of 
only 12 km beneath Hilo; and beneath Pahoa and the 
summit region of Kilauea it appears to lie at a depth of 
about 14 km.

Much new information has been obtained on the 
properties of the different seismic phases, such as Pg, 
P, Pn, and reflections from crustal layers and the 
Mohorovicic discontinuity.7172 74 75

Earthquake seismology

Jerry P. Eaton has been studying the earthquakes in 
the vicinity of Derby, Colo., in cooperation with geo- 
physicists at the Colorado School of Mines and Eegis 
College. The first earthquake of the sequence was re­ 
corded on April 24, 1962, and other earthquakes have 
continued to the present. More than 300 earthquakes 
have been recorded on seismographs maintained by the 
Colorado School of Mines, Eegis College, and the Geo­ 
logical Survey. The largest Eichter magnitude of the 
sequence on December 5,1962, was about 4. The earth­ 
quakes have been widely felt in the Denver area. 
Analysis of recordings indicates that the epicenters of 
the earthquakes are northeast of Denver at Derby, and 
their focal depths are about 15 km.

Gravity studies

Willie T. Kinoshita has recently completed a Bouguer 
gravity map of the island of Hawaii (Art. 89). The 
map shows local gravity highs of 105 to 130 milligals 
over 4 of the 5 volcanoes that make up the island. 
Hualalai is at the north end of a 55-milligal high which 
is centered about 8 miles south of the summit. The 
larger anomalies generally have higher gradients on 
their west than on their east sides. Preliminary analy­ 
sis of the gravity data suggests that large masses of

dense rock, probably a combination of intrusive bodies 
and dense flows, extend to near the surface under all 
of the volcanoes except Hualalai.

Isostatic recovery and viscosity of the upper mantle

An earlier estimate by M. D. Crittenden of the effec­ 
tive viscosity of the upper mantle beneath the eastern 
Great Basin has been revised downward and improved 
in accuracy as a result of revisions in the chronology of 
Lake Bonneville, on the basis of data obtained by R. 
B. Morrison at Little Valley, Utah. The Bonneville 
overflow, originally assigned a date of about 45,000 
years before present on the basis of a tentative correla­ 
tion of glacial and lacustrine deposits, is now believed 
to have taken place a little less than 20,000 years ago. 
This value is based on detailed soil stratigraphy and is 
well supported by carbon-14 dating. Accordingly, the 
time constant of isostatic recovery, the time required for 
an anomaly to decrease to 1/e (1/2.718) of its initial 
value, is reduced to about the lower limit of the range 
deduced earlier (4,000 to 10,000 years). This, in turn, 
requires that the viscosity, originally assigned a range 
from 0.9 X1021 to 2X1021 poises, must be near the 
lower limit of this range. This revision leaves little 
doubt that the effective viscosity in this area is a full 
order of magnitude lower than the value 1022 poises 
that has been obtained by many workers for Scandi­ 
navia. The difference is regarded as an expression of a 
fundamental difference in crustal character between the 
Basin and Eange province and the Fennoscandian shield 
(Crittenden, 1-63).

Geothermal investigations

Geothermal gradient and thermal conductivity 
studies by W. H. Diment and E. C. Eobertson 79 indicate 
that the flow of heat from the interior of the earth at 
Oak Eidge, Tenn., is 0.73±0.04 microcalories per 
cm2 sec.

A. H. Lachenbruch, B. Vaughn Marshall, and John 
P. Kennelly, set up facilities to measure the flow of 
heat through the floor of the Arctic Ocean basin from 
the drifting ice station T-3. The first two casts were 
made in 3,790 meters of water at lat 82°45/ N., long 156° 
30' W. The measurements are in close agreement with 
each other, and preliminary evaluation of the data indi­ 
cates a heat-flow value close to the worldwide average. 
The study is continuing.

Facilities for measuring earth heat flow in wells were 
set up in Menlo Park, Calif., by A. H. Lachenbruch, G. 
W. Greene, B. V. Marshall and J. P. Kennelly. Tem­ 
peratures were measured in several wells in Nevada and

78 Diment, W. H., and Robcrtson, B. C., 1963, Temperature, thermal 
conductivity, and heat flow in a drill hole near Oato Ridge, Tennessee; 
Jour. Geophys. Research. [In press]
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California by Greene and by Robert Munroe; heat flow 
determinations and additional temperature measure­ 
ments are underway.

Electrical properties of the earth's crust

Deep resistivity soundings and magneto-telluric 
studies by G. Y. Keller 80 indicate that the maximum 
resistivity in the crust is found at depths ranging from 
5 to 15 km. In the New England-eastern New York 
area, the maximum resistivity is 200,000 ohm-meters 
or more. This resistivity is sufficiently great that audio­ 
frequency electromagnetic signals could be transmitted 
through such rocks with only moderate loss. The resis­ 
tivity begins to decrease markedly at depths ranging 
from 7 to 10 km, indicating either that the rocks at these 
depths contain a significant amount of water, perhaps 
several percent, or that temperatures at these depths are 
unusually high, over 700 °C.

Similar studies in eastern Nebraska and along a tra­ 
verse extending from Denver, Colo., to Barstow, Calif., 
indicate a maximum resistivity in the crust of at least 
5,000 to 10,000 ohm-meters. Eesistivity begins to de­ 
crease at depths ranging from 15 to 25 km.

Structural interpretation of Arctic Ocean basin

Knowledge of the crustal constitution of the floor of 
the Arctic Ocean basin has been advanced by a study 
made by Elizabeth R. King and Isidore Zietz of aero- 
magnetic profiles furnished by the U.S. Coast and Geo­ 
detic Survey. The basin lies between the Eurasian and 
North American continents and is divided into two 
basins by the Lomonosov Range, a continuous sub­ 
marine ridge 9,000 feet high. A significant contrast 
has been found between the relatively flat magnetic pro­ 
files on the Eurasian side of the range and the profiles 
on the Canadian side of the range that delineate a large 
area of intensely magnetic rocks. Although water 
depths in the major basin areas average 13,000 feet, 
about the same as other ocean areas, the areal extent of 
the deep water is reduced considerably by broad shelves 
off the surrounding continents. One of the unsolved 
problems of geology is whether the Arctic Ocean basin 
is oceanic with a thin basaltic crust as in the Atlantic 
and Pacific, or is formed by a sunken block of conti­ 
nental rocks as its geologic setting seems to indicate. 
Analyses of earthquake records have indicated that it 
is oceanic at least in the deeper parts. HoweVer, a com­ 
parison of the Arctic magnetic data with typical oceanic 
profiles for both Atlantic and Pacific Oceans shows that 
profiles on the Canadian side of the range are unlike the 
oceanic profiles, but they show a striking similarity to

80 Keller, G. V., 1963, A program of research on the electrical prop­ 
erties of the earth's crust, with emphasis on the detection of under­ 
ground nuclear explosions: U.S. Geol. Survey semiannual tech. sum­ 
mary report for the period July 1-Dec. 31, 1962. Open-file report.

profiles over the Canadian shield and Precambrian plat­ 
form areas of the continents. The profiles on the 
Eurasian side of the range, however, show a resem­ 
blance to the oceanic profiles. From this evidence it is 
concluded that the region of highly magnetic rocks is 
a large sunken block of continental material separated 
by the Lomonosov Range from the Eurasian basin, 
which may be oceanic.

THEORETICAL AND EXPERIMENTAL GEOPHYSICS

Paleomagnetism

Completion of detailed paleomagnetic studies by R. 
R. Doell and A. Y. Cox (1-63) on rocks from the island 
of Hawaii show that the anomalously low secular varia­ 
tion now present in the central Pacific area has existed 
since at least 1750. During earlier times there were 
also relatively long periods during which secular varia­ 
tion was very small; however, the paleomagnetic data 
clearly indicate a type of secular change with much 
longer periods than heretofore recognized.

Potassium-argon, age determinations and paleomag­ 
netic measurements have been completed on several 
Sierra Nevada igneous rocks for studies of geomagnetic 
field-reversal phenomena. Although many more 
determinations are required for a definitive statement, 
the data now available are consistent with polarity 
epochs of roughly equal duration and of the order of 1- 
million-years length.

Stress waves in solids

P and S elastic wave velocities were determined by 
Louis Peselnick (1-62) in 24 samples of Solenhofen 
Limestone at atmospheric pressure and 25 °C, with and 
without water saturation. The results were compared 
with single crystal constants of calcite and with the 
high-pressure data of Hughes and Cross.81 The con­ 
clusions are:

1. Both P and S velocities in dry limestone are linear 
functions of the density.

2. Inhomogeneity of the limestone is small, resulting 
in less than 3-percent deviation of the P and S velocities 
from the least-square curves.

3. Extrapolation of the dry and saturated P and S 
velocities to the limiting density (density of calcite) 
shows that, as the porosity decreases, the behavior of 
the limestone can be interpreted as an aggregate of 
randomly oriented single crystals of calcite.

4. Water saturation of the limestones decrease both 
the P and S velocities.

The six elastic constants dj of calcite were deter­ 
mined by the ultrasonic pulse-echo method by Louis

ra Hughes, D. H., and Cross, J. H., 1951, Elastic wave velocities in 
rocks at high pressures and temperatures : Geophysics, v. 16, p. 577-593.
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Peselnick and R. A. Robie (2-62). Robie reports that 
the linear and volumetric compressibilities of calcite 
calculated from these data agreed with Bridgman's 
static compressibility measurements within 4 percent.

Rock deformation

Preferred orientation of mineral grains in a fine­ 
grained rock can be studied by using an X-ray diffrac- 
tometer and a suitable mechanism which scans a half- 
inch-diameter hemispherical end of a rock specimen. 
A device commonly used for this purpose was tested by 
E. C. Robertson and showed a built-in bias. A new 
design has been drawn up which eliminates the bias and 
makes the traversing automatic. It may be that a half- 
inch diameter gives insufficient grain population for the 
rather narrow X-ray beam, and that this can more 
easily be studied with the automatic scanner. Pre­ 
liminary results from the initial mechanism indicate 
agreement with universal-stage results on marble, but 
the check is only fair.

Radiation by neutrons, protons, or X-rays damages 
the crystal structure of NaCl, lowering the rigidity and 
mechanical strength. Similarly, large plastic strain and 
cyclic deformation lower the density and hardness of 
NaCl. Extrapolated pressures from three sources on 
NaCl show that its molar volume at 1-bar pressure 
changes from 27.0 cm3 at 0°C to 32.0 cm3 at 800°C, and 
at 100,000-bars pressure the molar volume changes from 
22.8 cm3 at 0°C to 21.8 cm3 at 800°C, revealing an ap­ 
parently negative coefficient of expansion at high 
pressure.

A tabulation of porosity and bulk-density data of 
sedimentary rocks by G. E. Manger 82 indicates that the 
porosity of sandstone generally, but not invariably, 
decreases and the bulk density increases with depth of 
burial, age, degree of tectonic disturbance, and depar­ 
ture from homogeneous texture. The carbonate rocks 
show a much less sensitive variation in porosity and 
bulk density in relation to these factors. Pure shales 
show the most sensitive decrease in porosity and increase 
in bulk density with depth of burial and degree of 
tectonic disturbance.

T. H. McCulloh has studied the variations, with 
depth, or densities of sedimentary rocks. He reports 
that natural densities of nearly all sedimentary rocks 
converge with depth and age to a value between 2.6 and 
2.7 g per cm3 . Thus, even for very young basins, varia­ 
tions in densities of sedimentary rocks cannot produce 
gravity anomalies below a limiting depth of about 10 
km. When factors such as age, lithology, depth, and 
degree of alteration are constant, the porosity and den­ 
sity of rocks reflect depositional environment: nonma-

82 Manger, G. Edward, 1963, Porosity and bulk density of sedimen­ 
tary rocks: U.S. Geol. Survey Bull. 1144-E. [In press]

rine sediment is more dense than marine sediment, and 
deep-water marine sediment has the least density.

Interpretation methods

Quantitative interpretation of aeromagnetic anoma­ 
lies has been based for the most part on the use of phys­ 
ical models in which the direction of magnetization is 
parallel to that of the earth's field, although laboratory 
results show that this assumption is invalid for many 
rock units. Magnetic fields have been calculated by I. 
Zietz for inclinations of magnetization significantly dif­ 
ferent from the inclination of the earth's present field. 
The calculations are for a rectangular flat-topped mass 
with infinite vertical sides and a 75° inclination of the 
earth's field. Several significant empirical relationships 
between the physical model and the computed fields 
have been obtained. For low dips of magnetization the 
maximum and minimum points, rather than the points 
of inflection, mark the edges of the rock masses. The 
depth-calculation techniques described in Geological 
Society of America Memoir 47 are based on the assump­ 
tion of induced polarization, but these same empirical 
rules can be applied equally well to the total intensity 
field when remanent magnetization is present. This 
probably explains the success of the Memoir methods 
when applied to observed aeromagnetic anomalies over 
sedimentary basins. For rock units having large rema­ 
nent magnetization, the dip of the magnetization may 
be estimated from the ratio between the maximum and 
minimum anomaly amplitudes, and the declination may 
be approximated from the horizontal line between the 
locations of the extreme values. The method has been 
successfully applied to aeromagnetic data taken over 
volcanic buttes near the Bearpaw Mountains in 
Montana.

R. G. Henderson and Alphonso Wilson (report in 
preparation) have developed formulas for interpreting 
aeromagnetic anomalies caused by three-dimensional 
bodies of arbitrary shape. From the formulas, they 
have prepared interpretation charts for inclinations of 
90°, 75°, 60°, 45°, 30°, 20°, and 0° and a graticule for an 
inclination of 75° for use with an optical analog com­ 
puter.

B. F. Grossling has improved his computer program 
developed earlier for computing gravimetric and mag­ 
netic anomalies and directional derivatives for assumed 
bodies. A noteworthy innovation is an automatic opti­ 
mizing routine which reduces to a minimum the number 
of elementary prisms of which the body is composed.

With the aid of a computer program developed by 
Victor Vacquier, R. G. Henderson and J. W. Ailing- 
ham derived the remanent magnetism of the syenite and 
shonkinite layers of Square Butte laccolith, Montana, 
as well as the base contour from the aeromagnetic map
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of the body. The shonkinite has a remanent vector 
with near-normal dip and strong west declination. The. 
syenite remanent vector has negative dip and east dec­ 
lination. There was no evidence of reversed magnet­ 
ization as found by Vacquier for the Bound Butte lac­ 
colith about 2 miles west. Calculations in which the 
remanence has been so derived were first done by B.F. 
Grossling on seamounts. The work by Henderson and 
Allingham is the first application to a two-layered 
medium. It was reported at the symposium on com­ 
puters in the mineral industry, Stanford University, 
June 1963.

In studies of theoretical aeromagnetic anomalies due 
to basement relief and intrabasement susceptibility con­ 
trasts of the same areal extent and amplitude, Hender- 
son demonstrated that by downward continuation of 
the field the two cases can be readily distinguished. 
Surface-trend analyses in which polynomial surfaces 
of various degress were fitted by least squares to the 
suprabasement anomaly failed to yield residuals that 
revealed the uplift. He concludes from this and other 
evidence that analytical methods based on potential 
theory yield more useful information than those based 
on statistical theory.

A mathematical study of electrical resistivity meth­ 
ods by Irwin Roman gave the following results:

1. A symbolic notation permits the writing of the 
kernel function in the resistivity integral for a selected 
number of layers without knowing it for fewer layers.83

2. A method has been found for determining the sur­ 
face potential for an earth with a selected number of 
horizontal layers when it is known for the case in which 
the number of distinct layers is one less.84

3. The truncation error in the quadrature of the inte­ 
gral involved in a resistivity problem can be used to 
reduce the number of subintervals needed in the me­ 
chanical evaluation of the integral.

A waveform-analysis technique was applied by W. A. 
Fischer to a series of terrain profiles of the Taira area, 
Japan. The parameters included (1) the mean and 
extreme altitudes of occurrence of geologic units; (2) 
the number of significant stream channels per unit 
length; (3) the gradients of valley walls, expressed in 
percent; and (4) the average depth of valleys, expressed 
in percent. The resulting analyses clearly demonstrate 
differences in landforms associated with various geolo­ 
gic unit and rock types.

Photometric analyses of a number of glacial features 
in Alaska were made by W. A. Fischer and T. M. Sousa, 
using densitometer curves derived from aerial photos. 
The curves indicate that relationships exist between the

68 Roman, Irwin, 1963, The kernel function In the surface potential 
for a horizontally stratified earth: Geophysics. [ In press]

w Roman, Irwin, 1959, An image analysis of multiple-layer resistivity 
problems : Geophysics, v. 24, p. 485-509.

photo tone distribution and the type and relative ages 
of various glacial features, thus providing a possible 
method of differentiating glacial units.

Infrared and ultraviolet investigations

W. A. Fischer reports that 3-5 micron wavelength 
imagery, made with an aerial infrared scanner, was ob­ 
tained for part of Yellowstone National Park. It shows 
a large, low-level thermal anomaly over Gibbon Hill in 
the Norris Geyser Basin, which suggests that the under­ 
lying rocks may be younger than previously supposed. 
Thermal activity was also detected near Beaver Lake, 
in the north part of the basin, where such activity was 
not previously mapped.

Infrared aerial reconnaissance of parts of the island 
of Hawaii, led by W. A. Fischer and R. M. Moxham, 
was made with a solid-state detector that operates in the 
3-5 micron and 8-14 micron regions. Along the east 
and southwest rift zones of Kilauea Volcano, thermal 
patterns were delineated that showed some previously 
unknown structural features and steam vents. Several 
large fresh-water springs, both cold and. hot, were found 
to issue into the ocean in areas close to the shoreline. 
Because of the water-supply problems on the island of 
Hawaii, these springs may be of significant economic 
value.

Infrared imagery in the 3-5 and 8-14 micron regions 
was also obtained for part of the Shenandoah Valley, 
Va. The surveys were made by the University of Mich­ 
igan Institute of Science and Technology with the coop­ 
eration of the U.S. Army Cold Regions Research and 
Engineering Laboratory. The Virginia Geological 
Survey participated with the U.S. Geological Survey in 
monitoring ground meteorological and radiometric con­ 
ditions. Preliminary study of the imagery by S. J. 
GawarecM indicates that the thermal-emission contrast 
between some rock types is greater than the visible- 
reflection contrast.

Laboratory experiments were performed with mobile 
ultraviolet imaging equipment at the Westinghouse 
Corporation laboratories, Baltimore, Md., by W. A. 
Fischer, S. J. Gawarecki, Reinhold Gerharz, R. M. Mox­ 
ham, and Westinghouse personnel. It was found that 
the fluorescence of minerals can be detected on closed- 
circuit television even though the fluorescence cannot be 
seen with the unaided eye. This has been accomplished 
at distances of up to 25 feet from the photomultiplier 
receiver tube with a relatively low-power laboratory UV 
cathode-ray-tube transmitter, but this range no doubt 
could be increased with additional transmitter power. 
Supplemental experiments indicate that certain miner­ 
als may be differentiated on the basis of their phos­ 
phorescence-decay characteristics as displayed on the 
system's oscilloscope.
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GEOCHEMISTRY, MINERALOGY, AND 
PETROLOGY

FIELD STUDIES IN PETROLOGY AND 
GEOCHEMISTRY

STUDIES OF IGNEOUS ROCKS

C. P. Ross (Art. 82) has shown that the modal com­ 
position of the Idaho batholith may be slightly more 
calcic than previous estimates indicate. On the basis of 
56 new and old modal analyses from various sources, 
the main inner facies of the batholith appears to be 
mainly granodiorite, whereas most published sum­ 
maries indicate the main mass to be dominantly quartz 
monzonite. Ross further notes that (1) all diorite and 
quartz diorite analyses of samples are assigned to the 
calcic border zone, and (2) the batholith as now mapped 
includes rocks along the border that are distinctly more 
silicic than would be appreciated from the literature. 
As these calcic and silicic units of the outer parts of the 
batholith have not been observed in contact, their rela­ 
tion remains among the unsolved problems concerning 
the batholith. Of interest in this connection is the 
description by B. F. Leonard (1-63) of a syenite com­ 
plex in the Big Creek quadrangle, Idaho, previously 
mapped as part of the batholith but now considered to 
be of Paleozoic age. Warren Hamilton (4^63) has 
described the relations of trondjemite rocks of the west­ 
ern border zone of the batholith in the Riggins quad­ 
rangle, Idaho.

As exemplified by the Canyon Mountain Complex in 
eastern Oregon (Art. 81), the magma stem that com­ 
prises alpine-type chromite-bearing peridotite and 
gabbro also includes soda-rich diorite and related rocks. 
Mapping by T.P. Thayer and others has shown that 
the peridotite and gabbro of the complex are charac­ 
teristically alpine type. Intrusion of quartz diorite 
and extensive albitization of the kind described by James 
Gilluly near Sparta, Oreg., closely followed emplace­ 
ment of the peridotite and gabbro. Similar relations 
have been found by Thayer and Van Vloten in West 
Pakistan, by Thayer in the Guleman district in Turkey, 
and have been described in detail in the Troodos Com­ 
plex in Cyprus. The field relations in all of these com­ 
plexes are incompatible with differentiation in place, 
but indicate a closo magmatic tie between gaibbro, 
diorite, and albitic metasomatism.

X-ray data for chemically analyzed olivines from the 
peridotite member of the Stillwater Complex, Montana, 
and olivines from alpine-type peridotites from north­ 
western California and southwestern Oregon have been 
combined by P. E. Hotz and E. D. Jackson (1-63) to

construct a determinative curve for the range Fo80-95. 
They conclude that the relation between the (062) spac­ 
ing and Fo content is the same for olivines from both 
Stillwater and California-Oregon peridotites and that 
the determinative curve is probably valid for olivines 
from both stratiform and alpine-type environments.

F. S. Simons has discovered a new occurrence of a 
composite dike near Klondyke, Ariz. The dike, of 
probable Tertiary age, consists of a core of porphyritic 
rhyolite 15-20 feet thick with selvages of coarsely por­ 
phyritic andesite 1-2 feet thick. Field evidence indi­ 
cates that the rhyolite intruded the andesite while the 
core of the original andesite dike was still hot and 
unconsolidated.

A preliminary petrographic study by J. T. O'Connor 
(Art. 15) of welded tuffs of the Piapi Canyon Forma­ 
tion at the Nevada Test Site has proved helpful in 
correlating stratigraphic units. The ratio of quartz: 
alkali feldspar: plagioclase phenocrysts is a particularly 
useful criterion. O'Connor notes that the phenocryst 
ratios change sharply within some cooling units and 
that mafic constituents commonly increase near the top 
of cooling units. The study indicates that some units 
originally mapped as Tiva Canyon member actually 
belong to the lower cooling unit of the Ranier Mesa 
Member.

C. S. Ross 85 has completed a study of the occurrence 
and character of microlites in silicic volcanic glasses 
and has shown that pyroxene is generally the most 
abundant and characteristic type. It occurs in two 
distinct forms, reflecting differences in genesis: (1) 
prismatic form, crystallized before emplacement, and 
(2) curved and segmented forms, crystallized after 
emplacement. He has noted that the hydrous ferro- 
magnesians, amphibole and biotite, are rare as micro­ 
lites. Other common microlites are sanidine and mag­ 
netite, the latter usually occurring only in small 
amounts.

Chevkinite (titanosilicate of lanthanum and cerium) 
reported tby H. A. Powers as an accessory phenocryst 
in obsidian flows and thick ash flows of the Yellow- 
stone Park region, and in some units of the Danforth 
tuff of south-central Oregon. This brings to four the 
number of regions of Cenozoic volcanism whose 
magmas are known to have produced chevkmite as an 
accessory phenocryst mineral. The previously known 
occurrences are the Bandelier Tuff of north-central 
New Mexico, and the Oak Spring Group in southern 
Nevada.

* Rosa, C. S., 1962, Microlites in glassy volcanic rocks: Am. Min­ 
eralogist, v. 47, p. 723-740.
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STUDIES OF METAMORPHIC ROCKS

D. E. Lee, E. G. Coleman, and E. C. Erd,80 on the 
basis of field and petrographic studies, have previously 
recognized three distinct types of glaucophane-bearing 
netamorphic rocks in the Oazadero area, California. 
Twenty-four new chemical analyses of garnets from 
the two garnet-bearing types of schist (designated III 
ft,nd IV) confirm the distinctions between types: the 
garnets from type III being almandine-spessartine- 
; ?rossularite, and those from type IV being almandine- 
j^rossularite. These data disprove the notion, errone­ 
ously established in the literature on the basis of meager 
data, that garnets from glaucophane schists are typi- 
ially poor in spessartine (Mn) and relatively rich in 
?yrope (Mg). Garnets in type-III schists are rich in 
ijpessartine (1 sample exceeds 60 molecular percent), 
md although garnets in type-IV rocks tend to contain 
nore pyrope molecule than those in type-Ill rocks, 
Jiey do not contain more than 13 molecular percent of 
>yrope.

P. K. Sims and D. J. Gable (Art. 10) have described 
uhe occurrence of cordierite in the Precambrian Idaho 
Springs Formation in the Central City quadrangle, 
Colorado. The cordierite occurs (1) with anthophyl- 
ite in lenses within a microcline-bearing granitic gneiss 
mit, and (2) with sillimanite and garnet in a biotitic 
jgneiss unit. In both associations the cordierite evi­ 
dently originated by dynamothermal metamorphism of 
argillaceous sedimentary rocks with little addition of 
faiaterial except possibly magnesium.

The generation of assemblages containing combi- 
jiations of cordierite, pyropic garnet, pleonaste, sap- 
E>hirine, staurolite, sillimanite, and corundum in pelitic 
senoliths in the mafic igneous complex of Cortland, 
ST.Y., has been described by Fred Barker.

Anna Hietanen has found that the calcium content 
scapolite as well as plagioclase in the Precambrian 

'Belt Series northwest of the Idaho batholith increases 
regularly with increasing grade of metamorphism and 
,hat this change is accompanied by systematic changes 
n the occurrence of the scapolite. In lower grade zones 
>f the epidote-amphibolite facies, some distance from 
he batholith, scapolite occurs in layers reflecting beds 
n the original sedimentary rocks, whereas in higher 
abrade zones it occurs irregularly or associated with 
faults and fissures. Still closer to the batholith it oc- 
urs as segregations in calcium-rich rocks, but within 

LO-15 miles of the batholith it is entirely absent. She 
ittributes this distribution to the high mobility (vola­ 
tility) of chlorine and the consequent migration of this 
Constituent away from the inner contact zone. She

86 Lee, D. E., Coleman, R. G., and Erd, R. C., 1963, Garnet types 
from the Cazadtero area, California: Jour. Petrology. [In press]

further suggests that (1) the high mobility of chlorine 
may explain the absence of salt deposits in higher meta­ 
morphosed terrains, (2) metasomatic chlorine affecting 
scapolitization may originate from ancient salt de­ 
posits; and (3) the chlorine in granitic magmas gen­ 
erated by partial melting of sedimentary rocks may 
originate from saline beds.

A. E. J. Engel and Celeste G. Engle (1-63) have 
deduced that during progressive metamorphism in the 
Adirondaks, the loss of felsic elements from amphibo- 
lites began at about 600°C. At this temperature, al­ 
kalies, especially K, with Si, B, Eb, Cs, Ti, and Mn, 
were taken into solution by exsolved water and removed 
mechanically or by diffusion to cooler regions of the 
enveloping crust. Incipient melting of the rocks did 
not begin until 700 °C or higher.

The Engels have further concluded on the basis of 
field mapping and regional stratigraphic synthesis that 
the Adirondak phacoliths are metasomatic in origin.

STUDIES RELATED TO THE UPPER MANTLE

A large plug-shaped intrusion of peridotite at Twin 
Sisters Mountain in the Cascades of northern Wash­ 
ington is under study by G. A. Thompson as a possible 
sample of material from beneath the earth's crust. 
Gravity measurements reveal a positive anomaly of 29 
mgal associated with the body and a gradient at the 
contacts of 10 to 20 mgal per mile. Since the density 
contrast of the peridotite with the surrounding rocks is 
0.6 g per cc the depth extent of peridotite can be only 
about 4,000 feet, hardly more than the topographic re­ 
lief on the body. Paradoxically, layers of chromite 
and pyroxene-bearing peridotite in the interior of the 
body generally dip steeply and thus suggest great depth 
extent. The most likely explanation is that the perid­ 
otite passes downward into serpentine with a density 
about equal to that of the country rocks. Similar re­ 
sults from preliminary measurements at several perid­ 
otite plugs in California suggest that an abundance 
of serpentine may be essential to the emplacement of 
these masses.

E. G. Coleman has made a study of New Zealand 
serpentinites and peridotites that form a great ultra- 
mafic belt extending from North Capes, North Island, 
to Bluff, the southern extremity of the South Island. 
Field evidence obtained shows that all the large New 
Zealand ultramafic masses form narrow restricted belts 
within the upper Paleozoic geosynclinal sediments and 
that a screen of serpentinite invariably separates the 
country rock from the unaltered ultramafites. Con­ 
tained within these serpentinite screens are metasoma- 
tized tectonic inclusions of sedimentary and volcanic 
materials. Similar metasomatic alteration is occasion-
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ally developed at the serpentinite contact with these 
geosynclinal sediments and volcanic rocks.

The ubiquitous occurrence of such metasomatism, in­ 
dicates that the alteration is connected with the em­ 
placement of the serpentinites. Hydrothermal exper­ 
iments have shown that serpentinites and sediments 
react with one another at temperatures below 500° C 
and water pressures of 2,000 bars to form products 
similar to those seen in the metasomatic rocks. Field 
evidence also shows that the ultramafites were em- 
placed along major high-angle thrust faults. These 
faults are considered to be the mechanism whereby 
peridotites are transported upward from the mantle 
into the crust. This faulting developed along the weak 
zone represented by the volcanic rocks within the upper 
Paleozoic geosyncline deposits. In the early stages of 
faulting, when the ultramafites made initial contact 
with the wet geosynclinal sediments, serpentinization 
was initiated along with contact metasomatism. As 
the thrust faulting continued, large sedimentary inclu­ 
sions became immersed in the serpentinite and also be­ 
came metasomatically altered. Juxtaposition of perid- 
otite mantle with geosynclincal sediments probably oc­ 
curred at depths of 10-15 km with temperatures less 
than 500° C. No evidence was found to support the 
concept that these ultramafics were intruded as high- 
temperature magmas.

Studies by A. E. J. Engel and Celeste G. Engel of 
distribution coefficients of Mg/(Mg+Fe+2 ) in coexist­ 
ing pyroxenes of metamorphic and igneous rocks indi­ 
cate separable values which are in large part tempera­ 
ture dependent. From the existing data, approximate 
temperatures of formation may be deduced for pyrox- 
enites, pyroxene gneisses, gabbros, basalts, and other 
mafic rocks and possibly meteorites.

ACTIVITIES OF THE HAWAIIAN VOLCANO 
OBSERVATORY

Following the flank eruption on the east rift zone of 
Kilauea in September 1961, tiltmeters indicated a re­ 
sumption of inflation of the summit of the volcano 
resulting from magma from depth refilling the reservoir 
under the summit which had been rapidly drained dur­ 
ing the September outbreak. This gradual inflation 
continued for more than 14 months until early December 
1962, at which time the level of inflation was only 
slightly below the level which preceded the September 
1961 eruption.

The first indication of possible activity was the onset 
of nearly continuous harmonic tremor at 7:30 p.m., 
December 6. At 1:10 a.m., December 7, a line of lava 
fountains broke out on the floor of Aloi Crater on the 
east rift zone 5 miles from the summit of Kilauea. A

lava lake 45 feet deep formed, but rapid drainback left 
only a crust up to 15 feet thick on the floor of the crater. 
In the next 2 days, 6 more outbreaks occurred in a line 
on the rift zone extending from Aloi Crater 2^ miles 
toward the east. Preliminary measurements of volume 
indicate that approximately 120,000 cubic yards of new 
lava remains on the surface and covers an area of 16 
acres.

Kilauea Iki lava lake

In October 1961 a hole was drilled through the 35- 
foot crust on Kilauea Iki lava lake, and a hollow stain­ 
less steel-mullite probe containing a thermocouple was 
forced 4 feet into the underlying melt. Observations 
made by W. U. Ault, D. H. Kichter, and D. B. Stewart 
(1-62) during emplacement of the probe permit the 
base of the crust to be identified as the 1065 °C isotherm. 
The maximum temperature measured in the molten lava 
was 1106°C. The thermal gradient in the liquid was 
5°C per foot, and the cooling rate for a 22-day period 
was 0.5°C per day at a depth of 39.2 feet. After the 
first 8.1 months, the average rate of crustal thickening 
for a 13.3-month period was 0.94 foot per month.

In January 1963 a new hole was drilled through the 
crust of the lava lake and a 5-foot all-ceramic probe 
was forced into the melt to a depth of 48 feet from the 
surface. On January 23, the crust was 45.0 feet thick, 
and the temperature 3 feet below the crust was 1087°C. 
By early February, the hole was still open and tempera­ 
ture profiles were being measured weekly.

Lava tree molds

One of the interesting secondary phenomena of the 
1961 flank eruption of Kilauea volcano was the forma­ 
tion of abundant lava tree molds. These remarkable 
upright tubes described by J. G. Moore and D. H. 
Kichter (1-62) were produced where the extremely 
fluid lava, flowing through dense tropical forest, be­ 
came chilled hi contact with the larger trees and the 
remaining fluid lava drained away. The feature dis­ 
played by these new molds lead to a clearer under­ 
standing of the mode of formation of the abundant 
prehistoric tree molds in Hawaii. Where the lava 
ponded temporarily in a structural valley, tree molds 
more than 14 feet high mark the high level attained by 
the flow. Then as the lava drained away downslope 
and into cracks, the crust which had formed on the sur­ 
face of the lava was lowered around the tree molds, 
which now protrude above the crust.

Halogen gases
Analysis of fumarolic gases by K. J. Murata, W. U. 

Ault, and D. E. White from the degassing lavas of the 
1959-60 Kilauea eruption indicates that halogen acids 
can be important fugitive constituents of basaltic
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magmas and are not restricted to more siliceous magmas. 
Steam condensates from the hottest 1959-60 vents con­ 
tained as much as 1.1 N HF and 2.0 N HC1.

GEOCHEMISTRY OF HOT SPRINGS AND THERMAL AREAS

D. E. White, E. T. Andersen, and D. K. Grubbs 
i (1-63) have published an account of the discovery dur­ 
ing exploratory drilling for geothermal steam power 
near Salton Sea, Calif., of a hot saline brine with ex­ 
traordinary characteristics. The brine at a depth of 
15,000 feet has a temperature of 300°C, and contains an 
exceedingly high concentration of potassium (24,000 
ppm) as well as appreciable concentrations of lithium, 
rubidium, silver, copper, lead, zinc, manganese, stron­ 
tium, and probably other elements. Thus, the discovery 
is attracting great economic as well as scientific interest. 
The brine may 'be connate in origin, but present evidence 
favors a source in a magma chamber at depth that sup­ 
plied the late Quaternary rhyolite domes in the area. 
With its high content of metals the brine may be man's 
first sample of an active ore solution.

R. O. Fournier investigated a recently formed hot 
spring in Yellowstone National Park and found that 
it is depositing silica at rate a hundred times faster than 
any other known hot spring in the region. The silica 
which is being deposited is a mixture of poorly crystal­ 
line material (probably cristobalite) and quartz (or 
chalcedony).

D. E. White and G. E. Sigvaldason (4-63), prompted 
by the recent identification of epidote in hot-spring 
systems in Kamchatka, New Zealand, and in Iceland, 
have discussed the origin and stability of epidote in 
hydrothermal and metamorphic environments. By 
analogy with the effect of partial water pressure versus 
total pressure in the analcite-al'bite reaction, they sug­ 
gest that epidote is stable in hot spring environments 
and tentatively define limits of depth and temperature 
for the formation of epidote in such environments.

Sigvaldason and White (1-62) have further added to 
ithe information on alteration in hydrothermal areas, in 
their description of mineralogical changes in two drill 
holes at Steamboat Springs, Nev.

As part of a study of the geology near Soda Springs, 
Idaho, Frank C. Armstrong collected samples of the 
water and gas from a few of the large springs of CO2- 
charged water in the area. The low boron, nitrogen, 
chloride, and alkali-metal contents found on analysis of 
Ithe water suggest that no water of magmatic, meta- 
imorphic, or connate origin is contributed to the springs 
ifrom depth. If any such waters are present, they are 
added to the springs in such small amounts that they 
cannot be recognized in the flood of meteoric water. A 
deep source for most of the CO2 is suggested, however,

by the large quantities of that constituent in the springs. 
Isotopic analyses of the CO2 by Irving Friedman show 
that the C13/C12 ratio of the gas is similar to that of 
marine carbonate rocks. Paleozoic marine limestones 
and dolomites thousands of feet thick crop out in the 
mountains near Soda Springs. Thus the CO2 of the 
springs is thought to be derived from the breakdown of 
marine carbonate rocks. The widespread presence of 
late Pleistocene volcanic activity in the area suggests 
that residual heat from the volcanism may decompose 
carbonate rocks at depth and thereby contribute large 
quantities of CO2 to the springs.

Physical and chemical controls on distribution of 
radium and radon in ground water have been studied 
in two areas near Great Salt Lake, Utah. A. B. Tanner 
measured the concentrations of radium, radon, and 
chemical constituents affecting iron equilibria in waters 
from wells both near and distant from subsurface faults. 
He concludes that either the variation in quality of 
water or the influx of thermal water from faults may 
determine radium distribution, but tha,t radon concen­ 
tration is more likely to be related to the influx of 
thermal waters.

STUDIES OF SEDIMENTARY ROCKS AND 
DIAGENETIC PROCESSES

Unusually pure unctuous clay beds, 1 to 6 inches thick, 
in the Jurassic Carmel Formation in southwestern Utah 
have been identified as bentonites by L., G. Schultz and 
J. C. Wright (1-63). Although the clay matrices of 
the bentonites are variable mixtures of kaolinite, illite, 
several types of mixed-layer clay, and relatively little 
montmorillonite, the ubiquitious distribution of small 
amounts of euhedral sanidine and biotite demonstrates 
a volcanic origin and suggests derivation of the clays 
from a tuff of uniform composition. A further discus­ 
sion of nonmontmorillonitic bentonites has been pub­ 
lished by Schultz (2-63). The conspicuous viariation 
in clay mineralogy of the bentonites is attributed to 
postdepositional alteration governed by environmental 
factors such as variations in oxidation and in salinity 
of connate water during diagenesis.

Electron microscope studies of Florida clays by E. J. 
Dwornik with Z. S. Altschuler 87 have corroborated 
field, X-ray, and chemical data in documenting the 
transformation of montmorillonite to kaolinite over 
widespread areas in Florida. In the Bone Valley For­ 
mation the kaolin zone is several feet thick over hun­ 
dreds of square miles. Micrographs clearly depict in­ 
cipient kaolinization as hexagonal modification of the

87 Z. S. Altschuler, E. J. Dwornik, and Henry Kramer, 1963, Trans­ 
formation of montmorillonite to kaolinite during weathering: Science, 
v. 141, no. 3576, p. 148-152.
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edges of montmorillonite plates. Ultimately completely 
kaolinized aggregates are formed.

H. A. Tourtelot has discovered that tiny green pel­ 
lets, of a type commonly called glauconite, occurring 
in a clay bed at the base of the Fox Hills Sandstone 
near Eed Bird, Wyo., consist of a completely mixed- 
layer clay mineral. They are enclosed in a matrix con­ 
sisting of a mixture of illite, montmorillonite, mixed- 
layer illite-montmorillonite, and small amounts of 
kaolinite and chlorite. The pellets are morphologically 
similar to fecal pellets found elsewhere in the Pierre 
Shale, and since they are the largest discrete grains in 
the rock, they appear not to have been transported from 
a distant source. The difference in composition of the 
pellets and matrix is apparently the result of reactions 
controlled by the biological history of the pellets and 
the chemical and physical characteristics of the dep- 
ositional environment.

W. A. Braddock and C. G. Bowles (Arts. 83 and 84) 
have described breccia pipes, "sills," and sinks in the 
Minnelusa Formation of Pennsylvanian and Permian 
age in the Black Hills, that they attribute to solution 
and removal of as much as 250 feet of anhydrite 'beds 
by ground water. In the zone of removal, the remain­ 
ing rocks have been oxidized; dolomite and anhydrite 
cements of sandstones have been replaced by calcite; 
and bedded dolomites have been converted to lime­ 
stones. The process apparently began in early Tertiary 
time and, from the evidence of ground water composi­ 
tions, appears to be continuing in the present.

Recent studies by Cadigan 88 of grain-size distribu­ 
tion in continental sedimentary rocks of the Colorado 
Plateau provide a scheme for tectonic interpretation as 
follows: grain size varies directly with the rate of tec­ 
tonic uplift in source areas, and degree of sorting varies 
inversely with the rate of tectonic subsidence in the area 
of deposition. From such data a graphic representa­ 
tion of the interaction between rate of uplift and rate 
of subsidence in the two areas may be developed for use 
in geologic interpretations. A correlation graph based 
on these concepts is the subject of work now being 
completed by Cadigan.

A study of the Triassic Chinle Formation by Cadigan 
(Art. 14) shows the sandstones to be sodic arkoses and 
feldspathic tuffs. Average sorting and average mean 
grain size suggest that the sediments were derived from 
source areas undergoing uplift at a moderate rate, and 
were deposited in an area that subsided at a moderate 
rate. Average skewness and kurtosis indicate low to 
moderate reworking and transportation.

88 Cadigan, R. A.. 1961, Geologic interpretation of grain-size distribu­ 
tion measurements of Colorado Plateau sedimentary rocks: Jour. Ge­ 
ology, v. 69, no. 2, p. 121-144.

Study by P. L. Williams of altered Entrada Sand­ 
stone in the Moab 2° quadrangle, Colorado and Utah, 
indicates that alteration in the Entrada Sandstone is 
closely related to the rock color, and that vanadium 
and uranium mineralization in the Entrada is restricted 
to altered sandstone characterized by white, gray, or 
pale-yellow color. The amount of carbonate cement 
varies over a wide range in the two upper members of 
the Entrada but on the average is as abundant in 
altered as in unaltered sandstone. It is, however, only 
half as abundant in the Moab Sandstone Member as in- 
the Slick Rock Member, whether or not the rock is 
altered. This probably accounts for the greater per­ 
meability, hence the more extensive alteration of the 
Moab Member.

MINERALOGIC STUDIES AND CRYSTAL 
CHEMISTRY

David R. Wones (2-63) investigated variations in 
the indices of refraction and unit-cell dimensions of 
biotites. Regression equations relating

Fe
Fe+Mg

ratios to the physical properties demonstrate systematic 
variations with changing oxygen pressure and tempera­ 
ture. These studies indicate that biotites may be used 
as "oxygen barometers", independently of the reaction 
assemblage, provided the effects of other common sub­ 
stitutions such as Na, Ti, Al and Fe are understood.

The trace-element content of serpentines has been 
investigated by G. T. Faust,89 who has demonstrated 
that serpentines derived from ultrabasic rocks, such as 
those of Snarum, Norway; Staten Island, N. Y.; and the 
Eden and Lovell areas of Vermont, are relatively high 
in Ni, Cr, Co, and Sc content, while those related to 
hydrothermal deposits, such as those at Cornwall, Pa., 
are low in these elements.

X-ray diffraction studies of natural palygorskite sam­ 
ples, by J. C. Hathaway and P. B. Hostetler, have 
turned up two new polytypes, both with primitive ortKo- 
rhombic unit cells.

D. B. Stewart demonstrated that at 700°C and 2 Kb 
(kilobars) the use of gels or glasses of the same compo­ 
sition for the starting materials had no effect on the 
structural state ultimately attained by albite that crys­ 
tallized from these materials, although albite that 
formed from gel reacted approximately 8 times faster. 
These results indicate that the structural state attakied

89 Faust, G. T., 1963, Minor elements in serpentine additional data: 
Geochim. et Cosmochim. Acta. [In press]
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is probably the equilibrium value for the condition. 
Albite that crystallized from material containing either 
SiO2 or LiAlSiO4 has a higher structural state than 
albite synthesized from material containing NaAlSi3O8 
alone. These laboratory results are significant because 
they can be applied to the interpretation of the struc­ 
tural state of feldspars found in rocks.

Because their equilibrium compositions are sensitive 
indicators of metamorphic grade, the paragonite-mus- 
covite mica pair is useful for the study of aluminous 
schists. E-an Zen has assembled and measured data 
on the basal spacings of 44 such mineral pairs. The 
data are readily fitted to a straight line. Use of this 
line will give minimal estimates of the metamorphic 
grades of rocks in which only one of the two white 
micas occurs.

An interesting quartz-kyanite vein in an eclogite from 
Zermatt, Switzerland, containing two paragonites with 
different ratios of sodium : potassium has been studied 
by E-an Zen. The high-potassium paragonite is in­ 
timately associated with muscovite. The petrologic re­ 
lations, as explained by Zen, are due to metastable 
equilibrium crystallization followed by annealing. The 
process seems sound theoretically and may be of 
broader applicability in nature than in this single in­ 
stance.

Members of the isostructural ludwigite-vonsenite 
series of anhydrous borates resemble the hydroxyl- 
bearing silicate ilvaite in habit, color, luster, density, 
and qualitative optical properties. Suitable means of 
recognizing and identifying these minerals are desira­ 
ble, as they differ in economic, petrologic, and geochemi- 
cal significance. Leonard, Hildebrand, and Vlisidis 
(1-62) investigated 2 ludwigites, 2 vonsenites, and 2 
ilvaites by chemical, spectrochemical, X-ray, and opti­ 
cal methods. They found that the ilvaites differ from 
the ludwigites and vonsenites in (1) crystallographic 
orientation of reflection-pleochroism and complex indi- 
catrix of reflectivity, (2) effect of oil immersion on re­ 
flection-pleochroism, (3) reflectivity in air and oil, and 
(4) bireflectance and its dispersion. Other physical 
properties, such as nonmagnetic character and behavior 
in transmitted light, are helpful in distinguishing ilva­ 
ite from most members of the ludwigite-vonsenite series, 
but X-ray powder data and optical properties in re­ 
flected light are generally more useful.

The initial study of melanophlogite has been com­ 
pleted by B. J. Skinner and D. E. Appleman 90 (1-63) 
who have verified that it is, indeed, a cubic polymorph 
of silica less dense than silica glass. The hydrogen, car­ 
bon, and sulfur appearing in analyses are present in

90 Skinner, B. J., and Appleman, D. E., 1963, Melanophlogite, a cubic 
polymorph of silica: Am. Mineralogist. [In pressi]

organic films trapped on the cubic growth surfaces of 
the compound. The organic and sulfur materials are 
therefore physically incorporated inclusions and are not 
integral parts of the structure. Although melanoph­ 
logite is quite stable up to 1000°C for many days, even 
gentle grinding at room temperature causes it to invert 
to quartz, a more dense and presumably more stable 
form of SiO2, at 1 atmosphere pressure.

The unusual silica polymorph stishovite, which has 
Si in 6-fold coordination with oxygen as compared with 
the usual 4-fold coordination of all the other poly- 
morphs, has been extensively studied by B. J. Skinner 
and J. J. Fahey 91 (2-63). This strange compound, 
reported only from Meteor Crater, Ariz., and the Ries 
Crater in Bavaria, breaks down to silica glass at measur­ 
able rates at temperatures as low as 300 °C. The break­ 
down rate was measured at 10 temperatures between 
300° and 800°C, and it was demonstrated that for an iso­ 
thermal breakdown, the concentration of the stishovite 
remaining is a linear function of the heating time. The 
time for total decay of stishovite to silica glass at each 
temperature provides a time-temperature curve which 
limits any thermal-distribution model proposed for 
Meteor Crater. The relative instability of stishovite 
also demonstrates that it is practically impossible for it 
to be quenched in any normal geologic environment, 
even though the necessary high pressures for its for­ 
mation have been reached. Thus, the presence of 
stishovite on the surface of the earth is even more com­ 
pelling evidence for an origin by meteoritic impact 
than is the presence of coesite.

Other important silicate minerals have been studied 
for various reasons. The scapolites have been exten­ 
sively investigated by H. P. Eugster, H. J. Prostka, and 
D. E. Appleman (1-62, 1-63), whose analysis of the 
changes in cell constants with varying composition 
between the end-member compounds marialite, 
3NaAlSi3O8 .NaOl, and meionite, 3CaAl2Si2O8.CaCO3 
has thrown considerable light on the phase changes oc­ 
curring in systems. The zeolites clinoptilolite and heu- 
landite were examined by D. E. Appleman and D. B. 
Stewart. The crystallography of these very similar 
compounds was satisfactorily delineated, allowing 
better detection methods to be devised, particularly for 
the clay-sized material in which the zeolites commonly 
occur. From a study of the twinning and structural 
disorder among crystals from several localities, M. Ross 
found that stilpnomelane has a large super cell based 
on a prominent rhombohedral subcell.

A thermal and X-ray study of natural and synthetic 
leucites, by G. T. Faust (1-63), demonstrates that they

81 Skinner, B. J., and Fahefy J. J., 1963, Observations on the inver­ 
sion of stisthovite to silica glass: Jour. Geophysu Research. [In press]
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undergo a complex reversible phase transition between 
614° and 669°C. Synthetic iron leucites, however, have 
a simple reversible transition, with an endothermic re­ 
action, at a sharply defined temperature of 550°C.

Marie L. Lindberg has studied the corvusite group 
of minerals, the vanadyl polyvanadates, which are di­ 
vided into monoclinic and orthorhombic modifications. 
Both modifications are found at the Monument No. 2 
mine, on the Navajo Indian Reservation, Apache 
County, Ariz.

In extending previous extensive mineralogical studies 
of the phosphate minerals, M. E. Mrose has carried out 
crystal-chemistry investigations on azovskite, Fea- 
(PO<t)2(OH) 3.2%H2O, by comparing material from a 
new locality in Greenbelt, Md., with that from the type 
locality on the Taman Peninsula, in the Sea of Azov 
in Russia. The isostructural pair, mitridatite, CagFe*- 
(PO4 ) 4 (OH) 6.4H2O, from North Grafton, N.H., and 
arseniosiderite, Ca3Fe4 (AsO4 ) 4 (OH) 6.4H2O from Ro- 
maneche, France, have been compared, and the iso­ 
structural relation between montgomeryite Ca4Al5- 
(PO4 ).(OH) 5.11H2O from Fairchild, Utah, and calcio- 
ferrite, Ca4Fe4(PO4 )6(OH) 5.llH2O, from Battenberg, 
Bavaria, has been demonstrated.

R. A. Gulbrandsen and others discovered leucophos- 
phite and apatitized wood in nodules from the Moreno 
Formation, California, a new locality for leucophos- 
phite (Art. 85).

In the continuing borate mineral investigations, the 
results of the comprehensive refinement of the calcium 
borate hydrate series, 2CaO.3B2O3.nH2O, with n=l 
(synthetic compound), 5 (colemanite), 7 (meyerhof- 
ferite), 9 (synthetic compound) and 13 (inyoite), have 
been completely analysed and interpreted by J. R. Clark, 
D. E. Appleman, and C. L. Christ. A computer pro­ 
gram has yielded a complete list of all interatomic dis­ 
tances and bond angles for all five structures, which have 
been used to define the basic principles underlying the 
boron-oxygen configurations and distances, cation co­ 
ordinations, and hydrogen-bond system.

Mineralogic studies by M. E. Mrose and M. Fleischer 
have shown that magnioborite and suanite are the same 
compound, Mg2B2O5 , which is a monoclinic polymorph 
triclinic compound synthesized in the laboratory.

The mineral koutekite, supposedly Cu2As^ has been 
shown to have the formula Cu5 Asa by B. J. Skinner. 
The high-temperature phase relations in the system 
Cu-As have been elucidated by use of the electron- 
microprobe analyzer, and coexisting phases in both 
natural and synthetic mixtures of copper arsenides have 
been analyzed. This has led to a good understanding 
of the phase relations and mineralogy of the Cu-As 
system and has shown that the high- and low-tem­

perature data are quite compatable. Structural studies 
of /3-domeykite (Cu3As), by M. Ross have shown that 
the previously published structure is in error, and that 
/3-Cu3As is isostructural with fluocerite CeF3, for which 
the published structural data are also in error. Struc­ 
tural studies are proceeding on Cu5As2 .

The identity of the new copper sulfide djurleite, 
Cui.geS, has been firmly established by E. H. Roseboom 
(1-62) and D. E. Appleman, who separated single crys­ 
tals from natural specimens and derived an orthorhom­ 
bic cell by X-ray diffraction techniques. The cell is 
closely similar to chalcocite and contains approximately 
128 formula units.

The puzzling compound valleriite has been the ob­ 
ject of an intensive study by H. T. Evans, R. A. Berner, 
and C. Milton (1-63). The crystallography is similar 
to the previously described mineral smythite, Fe3S4, and 
indicates a formula of CuFeS2, polymorphic with chal- 
copyrite. Its intimate oriented-interlayer association 
with a magnesium-aluminum hydroxide phase has been 
clearly demonstrated by X-ray diffraction. These re­ 
sults, combined with the electron microprobe investi­ 
gations of I. Adler, have cleared up the long-standing 
confusion between valleriite, a rare mineral, and the 
recently recognized mackinawite, FeS, a common poly­ 
morph of pyrrhotite.

EXPERIMENTAL GEOCHEMISTRY
The solubility of quartz in steam at high tempera­ 

tures and pressures was determined by D. B. Stewart 
by equilibrating a series of accurately weighed amounts 
of crystals and water in a sealed capsule and examining 
the quenched products for the presence of crystals, 
which indicate that the solubility has not been exceeded. 
The method has the significant advantages that the 
equilibrium value can be approached from either the 
gas or gas-plus-crystal fields, that temperature gradi­ 
ents are less bothersome^ and that a number of experi­ 
ments can be conducted simultaneously in a single 
pressure vessel. The solubility at 2Kb at 700°C is 
0.94±0.05 weight percent and is 1.40±0.04 at 800°. At 
700°C and 4 Kb the solubility is 2.0±0.05 weight per­ 
cent. The solubility increases with either increasing 
temperature or pressure.

R. O. Fournier and J. J. Rowe measured the solu­ 
bility of chalcedony in liquid water in the presence of 
gaseous water at temperatures up to 250°C. At 250°C 
the solubility is 523 ppm and at 125°C it is 124 ppm. 
The extrapolated solubility at 25°C is 17 ppm. The 
heat of solution is 4.84 kcal per mole. The data indi­ 
cate that a chalcedonic phase, distinguishable from 
quartz, is not likely to form or persist in nature above 
about 265°C.



GEOCHEMISTRY, MINERALOGY, AND PETROLOGY A145

The solubility of quartz in aqueous solutions at 
elevated temperatures and pressures as a function of 
HC1 and alkali chloride content at moderate acidities 
is being investigated by J. J. Hemley. Solubilities in 
the electrolyte solutions have not been fully evaluated, 
but the effects on solubility are small. Work has been 
continued in the systems Na2O-Al2O3-SiO2-H2O and 
KsO-AlsOa-SiO-j-HsO with emphasis on the role of 
aqueous silica concentration in defining stability rela­ 
tions between minerals. Previous experimentation has 
been concerned primarily with mineral equilibria as 
defined by the alkali-ion/H+1 ratio in systems in equi­ 
librium with quartz. Undersaturation or supersatura- 
tion with respect to quartz has an important effect on 
reactions and equilibria in these systems. Equilibria of 
interest include, for example, the decomposition of 
kaolinite to alumina hydrate (bauxite minerals) and 
the relation of muscovite to montmorillonite-type 
phases.

A new method for the determination of the concen­ 
tration of Na+1 in aqueous solutions of varying degree 
of concentration was developed by A. H. Truesdell. 
The Na+1 activity of a solution is determined in the solu­ 
tion accurately diluted to an ionic strength less than 
0.01, using a sodium-sensitive glass electrode. At this 
ionic strength the Debye-Huckel relation applies, so 
that the concentration can be accurately calculated from 
the measured activity. If the dilution factor is known, 
the concentration in the original solution can be cal­ 
culated. Preliminary results indicate an accuracy of 
±0.5 percent of the amount present, compared with 
±1 to 2 percent for flame-photometer determinations.

The solubilities of some sodium salts determined 
electrometrically are (expressed as grams of anhydrous 
salt per 100 g saturated solution) :

25°C 40°C

NaCl._. _._...__. ___. .__. 36.05(36.15)' __.__....__
Na2B407-X:H20.__....._.__._ 3.08 2 (3.06) 5.86 2 (5.9)
NaCaB509 ZH20________ 0.55

1 Values in parentheses are literature values. 
1 In equilibrium with borax.

Herbert E. Shaw (1-63) has developed an experi­ 
mental technique which permits the simultaneous con­ 
trol and measurement of the partial pressure of 
hydrogen, oxygen and H2O at pressures and tempera­ 
tures of petrologic interest. This is accomplished by 
externally controlled diffusion of hydrogen through 
metallic membranes contained within a pressure vessel. 
The technique is exceedingly valuable for studying 
high-temperature-high-pressure reactions where differ­ 
ent oxidation states of iron are involved.

The viscosity of a hydrous silicate melt approximat­ 
ing the composition of some granitic magmas under

plutonic conditions was determined by H.E. Shaw.92 
Samples of natural glass (obsidian) were hydrated at 
800 °C and 2,000 bars total pressure, which produces a 
homogeneous hydrous liquid containing approximately 
6 weight percent H2O. The viscosity of this liquid was 
determined by the classical falling-sphere method, using 
platinum and silver spheres. The logarithm of the 
viscosity (poises) calculated from Stokes law, without 
minor corrections for geometrical properties of the con­ 
tainers, is given by

This viscosity is more than four orders of magnitude 
lower than that for melts of similar composition but 
with little H2O.

The reciprocal salt systems are under continued study 
by G. Morey and others.93 The binary join K2SO4 - 
2MgSO4 (langbeinite) -K2SO4 -2CaSO4 (calcium lang- 
beinite) is not a binary system because calcium lang- 
beinite melts incongruently at 1013°C to form CaSO4 
and a liquid richer in K2SO4. The field of CaSO4 ex­ 
tends over the join to about 43 percent calcium lang- 
beinite, and at lower temperatures there is a complete 
series of solid solutions.

D. B. Stewart has found that minute synthetic crystals 
of quartz, grown in the laboratory under very high pres­ 
sure and temperature from compositions in the system 
anorthite-silica-water, contain fluid inclusions whose 
spatial distribution throughout the crystal is controlled 
by and is indicative of the crystal symmetry of the 
quartz phase (high-hexagonal, or low-rhombohedral) 
that was present at the conditions in the bomb. The 
inclusions also present some useful data on the fluid- 
phase relations inside the bomb, as they represent mi­ 
nute samples of the fluid from which the crystals grew. 
Examination by Edwin Koedder reveals that several 
phase changes have occurred in these fluid inclusions on 
changing from the conditions of trapping (up to 10,000 
atmospheres pressure and up to 975 °C) to room condi­ 
tions. Some of them have separated into a globule of 
a highly aqueous phase and a silicate melt at one tem­ 
perature daring the cooling, and then at some presum­ 
ably lower temperature the aqueous phase has separated 
into two additional fluid phases, a low -density (vapor) 
bubble and a liquid (water) solution.

Edwin Koedder has found a series of interesting and 
useful phenomena with the microscope freezing stage. 
Drastic supercooling is almost aways observed on cool­ 
ing the inclusions; many will remain as supercooled

92 Shaw, H. R., 1963, Obsidian-HsO   viscosities at 1,000 and 2,000 
bars in the temperature range 700°-900°C : .Four. Petrology, tin 
press]

92 Morey, G. W., Rove, J. J., and Fournier, R. O., 1963, The system 
K2Mg2 (SO4) s (langbeinite)   K2Caa (SO4) s (calcium langbeinite) : Jour. 
Inorganic Chemistry. [In press I
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(metastable) liquid water solutions for 30 minutes or 
even many hours at 50° C or more below their true 
freezing temperature. Exceptional inclusions may stay 
thus as supercooled liquids for weeks. This phenom­ 
enon suggests that all possible extraneous nuclei for the 
crystallization of ice have been removed from these 
fluids by geologic processes (solution, settling, and fil­ 
tration) prior to trapping. Ordinary surface waters 
can only be supercooled a few degrees. The supercool­ 
ing found for these inclusion fluids is far more extensive 
than has been reported in the literature on the super­ 
cooling of very pure water samples in laboratory vessels.

Edwin Roedder, in collaboration with R. L. Smith 
and others, has examined the gas bubbles in a wide 
variety of vesicular glasses and other volcanic materials. 
The method used is an adaptation of a technique orig­ 
inally proposed by George Deicha of Paris, and involves 
crushing in oil under the microscope. If the gas in 
the bubble is under a pressure greater than atmospheric, 
it will expand on crushing; if less, it will shrink. The 
samples examined included vesicles in obsidians, tachy- 
lytes, vitrophyres, and pumices; the odd hollow glass 
"bubbles" found in certain volcanic air-fall material 
and ocean sediments; and the exceedingly minute bub­ 
bles in the glass inclusions in phenocrysts from lavas. 
Although many of these have 1-atmosphere gas pres­ 
sure in them (presumably air which has leaked in), 
most samples show at least a few vesicles with almost 
a complete vacuum. This is found to be true even for 
samples of Miocene age. As the walls of some of these 
vesicles are only 10 microns thick, the results appear to 
indicate fantastically low diffusion rates for air through 
these natural glasses.

E. H. Roseboom has completed his investigation of 
the Cu-S system by means of high-temperature X-ray 
techniques. The new mineral djurleite (Cui. 96S) was 
synthesized at room temperature and pressure. Both 
synthetic and natural djurleite were observed to break 
down reversibly at about 90° C to a mixture of chalco- 
cite and djurleite. The tetragonal form of Cui. 96S 
which inevitably forms along with djurleite when syn­ 
thesis is carried out dry at 200°C or higher has been 
shown to have no stability field and thus far has not 
been observed in nature. The amount of the tetragonal 
form that appears at any temperature is a function of 
both the temperature investigated and the maximum 
temperature to which the specimen was previously 
heated.

D. B. Stewart demonstrated that the gaseous H2O- 
rich phase that coexists with lithium aluminum silicates 
at 2 Kb is siliceous and that the solubility of silicates 
in this phase is many times the solubility of quartz in

pure H2O under the same pressure and temperature 
conditions.

GEOCHEA1/CAL DATA
Six chapters of the "Data of Geochemistry" were 

published during the year. They are as follows: 
chapter F, "Chemical Composition of Subsurface 
Waters," by D. E. White, J. D. Hem, and G. A. Waring 
(2-63); chapter G, "Chemical Composition of Rivers 
and Lakes," by D. A. Livingstone (1-63); chapter K, 
"Volcanic Emanations," by D. E. White and G. A. 
Waring (3-63); chapter S, "Chemical Composition of 
Sandstones Excluding Carbonate and Volcanic 
Sands," by F. T. Pettijohn (1-63); chapter T, "Non- 
detrital Silicious Sediments," by E. R. Cressman 
(1-62); and chapter Y, "Marine Evaporites," by F. H. 
Stewart (1-63). Thirty other chapters are in varying 
stages of completion.

Tom G. Lovering has continued a study of the feasi­ 
bility of coding and retrieving geologic and geochemical 
data by machine. Data for several thousand samples 
have so far been put into the system, and various types 
of trial retrievals have been made.

Tom Wright and Michael Fleischer completed a 
review of data of the geochemistry and mineralogy of 
the platinum metals. The metals are concentrated 
mainly in ultrabasic rocks and sulfide ores. Data on 
the platinum-metal content of other types of rocks are 
inadequate.

Tom Wright has assembled available data on the 
mineralogy and geochemistry of lithium, and finds that 
the lithium content of minerals of differentiated suites 
tends to increase in successively later members. Biotite 
and muscovite are the principal concentrators of lith­ 
ium, but hornblende, feldspar, and quartz may also 
contain considerable amounts of lithium. The metal 
is usually mobile in contact aureoles and is enriched in 
pneumatolytic deposits (greisens), but it shows no dis­ 
tinct pattern of behavior in regionally metamorphosed 
rocks. Lithium is distinctly concentrated in clays and 
shales and in the clay fraction of other sedimentary 
rocks, and it also occurs in brines, volcanic hot springs, 
and saline deposits; its content is low in meteorites and 
tektites.

H. W. Lakin and others studied the variation of 
minor-element content of 12 samples of desert varnish 
from Death Valley, Calif., and northeastern Nevada 
(Art. 8). Possibly significant correlations were recog­ 
nized between high boron content of varnish and the 
high-boron province of Death Valley, and high copper 
content of varnish and the high-copper su'bprovince of 
the Antler Peak-Copper Basin area, Nevada. Cobalt,
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barium, lanthanum, molybdenum, nickel, lead, and 
yttrium correlate with manganese content. Thus the 
content of these elements in varnish is probably of no 
[practical use in geochemical prospecting techniques 
aimed at delineating mineral deposits.

A. J. Bartel and others (Art. 6) studied the arsenic 
icontent of 48 samples of basalt from California, Con­ 
necticut, Hawaii, Idaho, New Mexico, and Oregon. 
Comparison of the results of this work with 66 arsenic 
determinations for similar rocks and diabase published 
by other workers indicates that the median arsenic con­ 
tent for basalt and diabase is probably 1 ppm.

J. S. Vhay reports that almost all sedimentary rocks 
containing manganese also contain cobalt, regardless of 
whether the manganese is disseminated in small 
amounts or occurs in high concentrations in nodules. 
During weathering of the rocks, especially under alka­ 
line conditions, the manganese is immobile and retains 
the cobalt.

GEOCHEMISTRY OF WATER
Investigations of the geochemistry of water by the 

U.S. Geological Survey are directed mainly toward ex­ 
plaining the relations of the chemical content of natural 
water to the hydrologic and geologic environment. 
Some of the diverse topics under study include the 
source of dissolved mineral content of precipitation, the 
relation of mineral content of streams to the geology of 
the drainage basins, the relation of the chemistry of 
ground water to that of the containing deposits, sources 
of mineral matter in ground water, and the application 
of geochemistry to solving problems in subsurface 
geology and hydrology. In addition, theoretical and 
experimental studies are made to explain by chemical 
thermodynamics the chemical reactions between water 
and earth materials.

STUDIES OF ATMOSPHERIC MOISTURE 

Mineral content of precipitation

In the summer of 1962 a network of precipitation- 
sampling stations was set up covering five major drain­ 
age basins of North Carolina and Virginia. Prelimi­ 
nary results reported by Arlo Gambell (Art. 114) sug­ 
gest that the atmosphere is a major source of the dis­ 
solved solids in the streams draining the area. The 
average SO4~2 concentration of precipitation collected 
during the first month of operation was almost 3 ppm 
compared with 5 to 9 ppm in the stream waters. Signifi­ 
cant concentrations of Ca+2, Na+r, CH and NCV1 were 
also found in the first month's rainfall samples.

Analysis by J. H. Feth, S. M. Rogers, and C. E. 
Roberson of more than 100 samples of snow, 79 of them 
from the Sierra Nevada, shows western snow water to

be dilute relative to snowmelt reported from other areas 
in North America and Europe. The average concen­ 
tration of dissolved solids in Sierra Nevada snow was 
about 5 ppm. Snow from mountains in Utah was some­ 
what more highly mineralized, and snow samples taken 
in Denver, Colo., were appreciably more mineralized, 
and showed the effect of urban influence.

Tritium in precipitation and stream waler

In the autumn of 1961, after resumption of nuclear 
bomb tests by the U.S.S.R., a nationwide sampling pro­ 
gram was initiated to follow tritium levels in precipi­ 
tation and surface water. A sharp increase in tritium 
rainout was observed in the spring of 1962, with some 
samples reaching 1,700 T.U. (1 T.U.=IT atom/1018 
H atoms) in the midwest, and about 300 T.U. on the 
east and west coasts. A similar rise was observed in 
the spring of 1959 after the 1958 test series, and analyses 
of precipitation samples collected during the spring of 
1963 indicate a similar increase.

Samples of stream water from major representative 
river basins in the United States were collected to cor­ 
relate tritium runoff with tritium rainout. Preliminary 
results reported by G. L. Stewart and C. M. Hoffman 
show no appreciable rise in tritium levels in streams 
until June 1962, about 2 months after the tritium-rain- 
out peak. The tritium level in most of the streams 
sampled increased from about 60 T.U. to about 300 
T.U. in June 1962. An exception to this was observed 
in the Yukon River in Alaska, where the peak occurred 
in January 1962 and reached an activity of about 600 
T.U. or higher; the exact peak value is not known as 
no samples were taken from February through April. 
Definitive conclusions cannot be drawn from these 
findings, however, because both the frequency of sample 
collection and the geographic distribution of sampling 
stations were inadequate. The nationwide stream- 
sampling network has been revised, and investigations 
are being continued so that more accurate conclusions 

can be drawn.

Deuterium and tritium exchange between raindrops and 
environment

Laboratory experiments devised by Irving Friedman 
(1-62) in collaboration with L. Machta and R. Seller of 
the U.S. Weather Bureau were used to study the ex­ 
change of water vapor between a falling rain droplet 
and its environment. The results confirm theoretical 
predictions of a relatively rapid exchange of deuterium 
between droplet and environment when neither net con­ 
densation nor evaporation takes place. The need for 
caution in interpreting deuterium and tritium measure­ 
ments is emphasized.
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A series of atmosphere samples taken between Au­ 
gust 1957 and January 1958 were analyzed for tritium 
and deuterium 'by Von Gonsoir of Heidelberg Univer­ 
sity and Irving Friedman.94 Appreciable variations 
were found which are only partly accounted for through 
local admixtures of industrial hydrogen. The analyti­ 
cal data reveal an abnormally high concentration of 
tritium which probably resulted from the direct injec­ 
tion of unburnt tritium in a nuclear explosion.

STUDIES OF STREAMS AND LAKES 

Strontium in river waters
Because radioactive strontium is one of the most 

hazardous of radioactive species, the Survey is study­ 
ing the natural occurrence of stable strontium in water. 
M. W. Skougstad and C. A. Horr (1-63) found that the 
strontium concentration in 75 major rivers of the United 
States ranges from 0.007 to 13.7 ppm. Of more than 175 
ground-water samples analyzed, 60 percent contained 
less than 0.2 ppm, although some potable supplies con­ 
tained 50 ppm.

Lithologic control of mineral content of Sierra Nevada 
rivers

Studies by G. V. Gordon of the mineral composition 
of the Kings, Kaweah, and Tule Rivers that drain the 
western slope of the Sierra Nevada indicate that lithol- 
ogy of the drainage basin determines to a major extent 
the chemical quality of the stream water. Although 
water of all three streams would be classified as of the 
calcium bicarbonate type, the percentage reacting value 
of magnesium increases conspicuously from the Tule on 
the south to the Kings on the north. The percentage 
reacting value of magnesium was 13 percent in the Tule 
River, 14 percent in the Kaweah River, and 20 percent 
in the Kings River. A substantial portion of the drain­ 
age area of the Kings River is underlain by metamor­ 
phosed magnesium-rich ultrabasic intrusive rocks and 
dolomitic limestones. In contrast, the Kaweah and Tule 
Rivers drain predominantly granitic terrane. The 
water of the Kaweah River is only slightly more min­ 
eralized than that of the Kings River, but water of the 
Tule River is about 2% times as concentrated as that 
of either of the other two streams.

Lithologic control of mineral content of southern Appala­ 
chian streams

Lithologic control on the chemistry of water was 
also noted by R. J. Pickering in Poplar Creek, a small 
stream (drainage area 120 sq mi) in east Tennessee 
which drains areas in both the Valley and Ridge prov­ 
ince and the Cumberland Plateau province. Bicarbon­ 
ate is by far the most abundant anion in water from

M Qonsoir, von, Bernhard, and Friedman, Irving, 1962, Tritium und 
deuterium in atmospharischen Wasserstoff: Zeitschr. fur Naturfor- 
schung, v. 17, no. 12, p. 1088-1091.

tributaries draining the coal-bearing clastic rocks of 
the Cumberland Escarpment. Although calcium and 
magnesium are the predominant cations in all the 
streams in the Poplar Creek basin, tributaries draining 
the Cumberland Escarpment contain significantly more 
sodium and have a lower pH than do those draining 
rocks of the Valley and Ridge province.

Dissolved solids load of Cane Branch, Ky., increased by 
strip mining

J. J. Musser found that chemical weathering and ero­ 
sion have accelerated in the Cane Branch basin, 
McCreary County, Ky., because unweathered rocks have 
been exposed to the atmosphere in the course of strip 
mining of coal. Cane Branch had an average dis- 
solved-solids content of 138 ppm from October 1956 to 
September 1958, following mining in 1956.

Additional mining caused the average dissolved- 
solids content to increase from 358 to 5-22 ppm from 
May to August, 1959. From August 1959, when 
mining ceased, to September 1960 the average dissolved- 
solids content of Cane Branch in summer decreased 
slightly, to 470 to 490 ppm. Musser concludes that the 
increased rate of weathering and erosion in the Cane 
Branch area will continue and that many years will 
elapse before the spoil banks stabilize sufficiently to pro­ 
duce a water similar in character to that of nearby 
streams not affected by mining.

Geochemistry of Deep Spring Lake, Calif.

In a study of inflow to Deep Spring Lake, Inyo 
County, Calif., Blair F. Jones found that the composi­ 
tion of inflow falls into two major groups based on the 
gross lithology of initial drainage areas, and is modified 
before the lake is reached. The chief modifications are 
alkali solution and alkaline-earth carbonate precipita­ 
tion, organic reduction of sulf ate, alkalinity enrichment 
by organic decay, and concentration by evaporation. 
Surface waters at Deep Spring Lake tend to remain 
separated from intercrustal brines by density gradients 
for extended periods.

Salinity of the Salton Sea

Burdge Irelan's studies of the chemical character of 
the Salton Sea, Calif., indicates that between June 1907 
and March 1962 the salinity increased about 9 times, 
from 3,648 ppm to 33,800 ppm. The increase in chlo­ 
ride concentration was similar (about 8.5 times), but 
the sulf ate concentration increased about 15 times.

STUDIES OF GROUND WATER

Hydrochemical facies of the Coastal Plain of North and 
South Carolina

In continuing the mapping of the hydrochemical 
facies of ground water of the Atlantic Coastal Plain,
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William Back and D. H. Lobmeyer have found in North 
and South Carolina that the percentage of sodium in­ 
creases downdip within the Tertiary and Cretaceous 
formations, and that the highest bicarbonate content is 
in the area of highest chloride content. This is inter­ 
preted to be the result of greater solubility of limestone 
in salt water and the exchange of the calcium ion with 
the sodium ion of an ion-exchange material.

Hydrochemical fades of Permian aquifers in Valencia 
County, N. Mex.

In geochemical studies of water in the San Andres 
and Glorieta Formations (Upper Permian) of the 
southern border of the San Juan basin, Harry E. Koes- 
ter has delineated basin-type sulfate and chloride facies, 
high-shelf bicarbonate facies, evaporite sulfate facies, 
and possibly a nitrate facies. Marked vertical differ­ 
ences in cation facies were noted in the San Andres- 
Glorieta sequence. Sodium facies prevail in the upper­ 
most part of the sequence. Ion exchange is an important 
factor within the karst-erosion surface, where Triassic 
(Chinle) shale is intermingled with the Permian lime­ 
stone. Calcium-magnesium facies prevail in the dolo­ 
mite-rich middle part of the San Andres Limestone. 
Calcium facies in the basal part of the Glorieta Sand­ 
stone are attributed to gypsum in the lower part of the 
Glorieta and in underlying gypsiferous Yeso Forma­ 
tion. High chloride content is generally associated with 
faults.

Hydrochemical facies aid in subsurface mapping in 
Georgia

C. W. Sever found that mapping hydrochemical 
facies aided in delineating a negative structure involv­ 
ing the principal artesian (limestone) aquifer in south­ 
western Georgia. Data from 117 wells penetrating the 
principal aquifer show that ground water in the nega­ 
tive structure has greater sulfate content, higher total 
hardness, and a higher ratio of magnesium to calcium 
than ground water on either side of the structure. The 
boundaries of the structure, as determined from the 
chemical character of water, agree with the boundaries 
as determined by surface and subsurface geologic map­ 
ping.

Abnormal content of orthophosphate in ground water 
of Puget trough

A. S. Van Denburgh and J. F. Santos report that 
ground water in a broad area of western Washington 
contains above-normal concentrations of orthophos­ 
phate. Throughout much of the State, orthophosphate 
concentrations are commonly less than 0.10 ppm, but 
ground water in the Puget trough apparently extending 
south into the Willamette Valley of western Oregon 
commonly contains more than 0.50 ppm of orthophos­

phate. The maximum observed concentration in this 
area was 4.2 ppm. The ground water is derived, for 
the most part, from aquifers in glacial and related de­ 
posits of Pleistocene age, and Recent alluvial deposits. 
Because moderate to high concentrations of orthophos­ 
phate are widespread and the orthophosphate concen­ 
trations tend to increase with depth and geologic age of 
the water-bearing deposits, a natural source is suspected, 
rather than pollution.

Minor elements related to sources of water in California

A study of the occurrence of 17 minor elements in 
water of California by William D. Silvey indicates that 
sea water, surface water, ground water, spring water, 
and oilfield brine contain different groups of minor ele­ 
ments and are characterized by great differences in 
minor-element content. For example, samples of some 
spring water and most oilfield brines contained substan­ 
tial amounts of germanium, yet germanium was not 
found in sea water, surface water, or ground water. 
Vanadium was markedly deficient in waters that con­ 
tained appreciable germanium, although it was rela­ 
tively abundant in most ground water.

Fluoride in ground water of Willcox basin, Arizona

In a study of fluoride in ground water in the Willcox 
basin, Arizona, L. R. Kister found that a fluoride con­ 
tent greater than 2 to 3 ppm was associated with the 
sediments and volcanic flows of middle Tertiary age, 
or with the Precambrian Pinal Schist. The Pinal 
Schist evidently yields large amounts of fluoride to 
ground water by weathering of fluoride minerals from 
joints and fissures. Ground water in contact with the 
Pinal contains as much as 25 ppm fluoride. Ground 
water from playa mud commonly contains larger 
amounts of fluoride. A shallow borehole in the Willcox 
playa yielded water containing more than 100,000 ppm 
dissolved solids and 282 ppm fluoride, believed to be 
the highest fluoride content reported in the literature. 
Evaporation of shallow ground water beneath the 
playa evidently caused the concentration of dissolved 
minerals in the water remaining in the playa mud.

CHEMICAL EQUILIBRIUM STUDIES 

Calcium carbonate saturation studies

The primary purpose of calcium carbonate satura­ 
tion studies by the Survey is twofold: to identify and 
measure the variables that affect the solution and 
precipitation of any mineral, and to determine what 
controls the variables, such as flow pattern and 
mineralogy.

Ivan Barnes in a study of the geochemistry of Birch 
Creek, Calif., a calcite-depositing stream in an arid 
climate, concluded that the stream loses CO2 to the air
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more rapidly than calcite precipitates, leading to an 
adjustment of the CO2 content of the stream, which be­ 
comes more supersaturated with calcite.

Water in thermal springs of the Sierra Nevada char­ 
acteristically has a pH of 8.5 or greater. Thermody- 
namic calculations by C. E. Koberson (1-63) indicate 
that water from two such springs, and from Pyramid 
Lake, Nev. (pH 8.9), is nearly saturated with calcite. 
Water from most nonthermal springs in the region is 
not saturated with calcite.

In a study of the calcium carbonate saturation in 
ground water in central Florida, William Back (1-63) 
has tentatively concluded that although the unsat- 
urated water is in an area of general recharge, some has 
been in contact with limestone for many years and has 
traveled many miles without becoming saturated with 
calcium carbonate. This suggests that caverns and fis­ 
sures can be enlarged hundreds of feet below the water 
table if the water is undersaturated. The presence of 
cavities in the areas of supersaturation may indicate 
that the water was unsaturated at some previous time 
when the flow pattern was different.

Using samples of ground water from central Florida, 
New Jersey, Puerto Eico, and Deep Springs, Calif., 
which are saturated with respect to calcite, Ivan Barnes 
and Willian Back calculated an ion-activity product 
for dolomite of 2 or 3 X lO17 which is in good agreement 
with the equilibrium constant of 1.5X10-17 determined 
in the laboratory by James B. Kramer.

^.nalyses used to calculate the departure of water 
from equilibrium witn calcium carbonate minerals re­ 
quires careful determination of pH and bicarbonate con­ 
centration. The Survey made two widely separated 
studies (Art. 115) comparing field and laboratory meas­ 
urements of alkalinity (as bicarbonate) and pH of water 
samples collected in the Sierra Nevada of California 
by C. E. Koberson and J. H. Feth and in the Atlantic 
Coastal Plain of New Jersey by Paul K. Seaber and 
Peter Anderson. For 88 samples of ground and sur­ 
face water the average change in pH between field and 
laboratory was about 0.5 pH unit, and the direction 
of change was unpredictable. Variations in determined 
alkalinity, between field and laboratory, likewise show 
marked spread and no consistency in direction. The 
New Jersey samples indicated that the field pH was 
greater than the laboratory pH, except in one sample. 
The maximum difference between field and laboratory 
determinations was 2.5 pH units. In all samples, field 
determination of alkalinity was greater than the labor­ 
atory determination. The maximum difference between 
field and laboratory alkalinities was 33 ppm, but most 
of the differences were in the range from 5 to 15 ppm.

Temperature stability of burkeite

Experimental work by Blair F. Jones (1-62) on the 
.double salt, burkeite (2Na2SO4NA2CO3), has estab­ 
lished its lower temperature stability limits within nor­ 
mal range of p CO2 in nature as affected by total pres­ 
sures up to 20,000 atm, and the addition of NaCl. 
Small variation in unit cell parameters related to com­ 
position and temperature have been detected by de­ 
tailed X-ray analysis. Smaller unit cell volumes are 
definitely associated with carbonate as opposed to sul- 
f ate environments.

Clay mineral-water reactions

When kaolinite is equilibrated in water at pH 3.5 
under standard thermodynamic conditions, W. L. Pol- 
zer found that a precipitate of aluminium hydroxide 
was formed having a solubility equal to that of gibbsite. 
He also observed that the solubility of laboratory glass­ 
ware (Pyrex) at this pH was comparable to that of 
kaolinite, which precluded the use of glass containers 
in his experiments.

E. A. Jenne and associates have determined equilibri­ 
um constants ranging from 0.2 for the reaction

K-montmorillonite+Sr+2 =Sr-montmorillonite+K+ 
to 9.0 for the reaction

Na-kaolinite + Sr+2 + Sr-kaolinite+Na+   
These equilibrium constants were valid even in systems 
that contained more than one type of clay, and should 
help predict the distribution of radiostrontium between 
solid and liquid.

Oxidation-potential studies

In a recently completed study, William Back and 
Ivan Barnes have shown a relationship between the 
oxidation potential measured in ground water and the 
flow path of the water in southern Maryland. The 
oxidation potential is higher in the recharge areas than 
it is in discharge areas. The oxidation potential is one 
of the variables that controls the occurrence and con­ 
centration of iron in water; accordingly, a relationship 
was found between the oxidation state and concentra­ 
tion of iron and the ground-water flow pattern. This 
statement probably is a valid generalization for any 
hydrologic system that contains iron-bearing sediments 
and oxidizable material. The Eh values measured in 
the field are between those obtained from the solubility 
of Fe (OH) 3(c) and those obtained from the solubility 
of hematite.

The chemical equilibria that control solubility and 
determine the dissolved species of manganese predomi­ 
nating in natural water were summarized graphically 
in a study by J. D. Hem (2-63). Oxidation and pre­ 
cipitation of divalent dissolved manganese take place 
slowly in aerated water at a pH of 8.0, but in the pres-
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snce of f eldspathic sand, the oxidation rate is increased 
(J. D. Hem, Art. 116).

Jack Rawson (Art. 117) found that manganese was 
brought into solution from manganese dioxide by dilute 
iolutions of tannic acid, probably through chemical 

reduction of the manganese to the divalent state and 
formation of a complex.

ISOTOPE AND NUCLEAR STUDIES

j Isotope and nuclear investigations find many appli­ 
cations in geology by providing quantitative measure­ 
ments that frequently indicate new modes of attacking 
old problems. Age measurements cover the span of 
^ geologic time from Recent to oldest Precambrian. Ura­ 
nium and thorium disequilibrium investigations are
>eing rapidly expanded and show promise of develop- 
ing new concepts of the geochemistry of uranium and 
thorium and of their decay products. These elements 
}nay prove to be useful as tracers of the geochemical 
behavior of some of the more common elements. Light 
stable isotopes of oxygen, carbon, and hydrogen afford 
new insight into processes active now and in past time, 
not only in the atmosphere and hydrosphere, but also 
in the lithosphere. Oxygen isotopes are potentially 
useful in determining temperatures of geologic proc- 
osses, including ore deposition, and studies of the rela- 
live concentration of deuterium are now being directed 
i;o efforts of determining the probable sources of ore- 
bearing fluids. Lead and strontium isotopes find new 
^ises in investigations of crustal evolution, magmas, and 
metamorphic and sedimentary processes. Solid-state 
studies contribute to a better understanding of mineral­ 
ogy and to special problems such as the origin of 
i ;ektites.

GEOCHRONOLOGY
Investigations of the techniques used in isotopic dat- 

ing have been continued in a study of the relative 
abundance ratio of Rb85/Rb87 and in the use of amphi- 
lx>le in K-Ar dating. The various methods have been 
applied to a variety of geologic problems ranging from 
i;he use of C14 in an attempt to verify old newspaper re- 
>orts of eruptions of Mount Rainier, to dating by U-Pb 
sotopic methods of zircon at 3,300 million years, the 

oldest mineral age reported from the North American 
continent.

Carbon-14 age determinations

The chronology of six distinctive pyroclastic layers 
:n Mount Rainier National Park was established by 
:D. R. Crandell, D. R. Mullineaux, R. D. Miller, and 
JMeyerRubin (1-62) using carbon-14 ages.

Carbon-14 age determinations were used by C. A. 
Hopson, A. C. Waters, V. R. Bender, and Meyer Rubin
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(1-62) to determine the age of the pumice and ash 
sheet representing the most recent eruption of Mount 
Rainier as about 550-600 years ago. No evidence was 
found to corroborate newspaper reports of eruptions 
from Mount Rainier between 1820 and 1894.

Alluvial deposits in the Thompson Creek watershed, 
Harrison County, Iowa, deposited in the interval be­ 
tween about 14,000 and 2,000 years ago were studied 
by R. B. Daniels, Meyer Rubin, and G. H. Simonson 
(1-63). De Forest is proposed as a formational name 
for the silty alluvium, approximately 35 feet thick, 
which is divided into four members. Since about 2,020 
years ago, there have been three cycles of erosion and 
deposition.

Carbon-14 ages were used by H. C. W. Skinner, B. J. 
Skinner, and Meyer Rubin to determine the age and 
rate of accumulation of dolomite-bearing carbonate 
sediments in South Australia. Carbonate from one of 
the ephemeral lakes in the southeastern part of South 
Australia was deposited in the interval between 6,000 
and 3,000 years ago. The rate of accumulation is esti­ 
mated to be between 0.2 and 0.5 mm per year.

K-Ar, Rb-Sr, and Pb-U age determinations

Zircon concentrates from granitic gneisses at Morton 
and Montevideo in the Minnesota River valley, Minne­ 
sota, analyzed by E. J. Catanzaro (1-63), give a mini­ 
mum age of 3,300 million years. The isotopic U-Pb 
ages are discordant, and the possible range in age is 
from 3,300 to 3,500 m.y., depending on the interpreta­ 
tion that is made of the cause of the discordancy. The 
zircon ages are the oldest mineral ages for the North 
American continent.

Hornblende from the gneiss at Morton, Minn. was 
dated at 2,630 m.y. by H. H. Thomas (1-63). This age 
is in reasonably good agreement with Rb-Sr mica and 
K-feldspar ages of approximately 2,500 m.y. and dates 
the time of the Algoman orogeny. The 3,300 m.y. age 
for zircon from the same rock, however, indicates a 
pre-Algoman history of 700-900 million years.

Hornblende ages of approximately 1,800 m.y. from 
rocks in the Leadville area, Colorado, reported by 
Thomas, are the oldest ages found to date in Colorado 
by the U.S. Geological Survey laboratory. An age of 
1,100 m.y. for hornblende from the Ore Knob mine, 
North Carolina, is the first indication that the mineral­ 
ization may be Precambrian (Grenville).

Glauconite from the upper part of the Missoula 
Group of the Belt Series has been dat id at 1,070 m.y. 
by the K-Ar and Rb-Sr methods. The occurrence, 
briefly described by R. A. Gulbrandsen, S. S. Goldich, 
and H. H. Thomas (1-63), is in the Marias Pass quad­ 
rangle, Flathead County, Mont. This is the first 
glauconite of Precambrian age reported in North
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America. A number of glauconite samples dated in the 
range 1,000-1,260 m.y. have been reported by Soviet 
geochronologists from the U.S.S.R. and China.

Potassium-argon, rubidium-strontium, and lead- 
alpha age measurements by H. H. Faul, T. W. Stern, 
H. H. Thomas, and P. L. D. Elmore (2-63) are the basis 
for interpreting tectonic history in Maine, New Hamp­ 
shire, and Vermont. Relicts of the Grenville orogeny 
(1,000 m.y.) are found in southwestern Vermont, and 
subsequent major events are observed for Devonian 
(400-350 m.y.), Permian (270-230 m.y.), and Jurassic 
(180-130? m.y.) time. The pattern of ages in the Ap­ 
palachians is similar to that reported from the Ural 
Mountains.

Potassium-argon and rubidium-strontium ages were 
used by S. C. Creasey and R. W. Kistler (1-62) to date 
the sequence of intrusives and of mineralization in the 
range from 56 to 72 m.y. in six copper districts in south­ 
eastern Arizona.

A survey of the relative abundance ratio Rb^/Rb87 
in natural silicates was made by C. E. Hedge and 'S. S. 
Goldich in collaboration with W. R. Shields and E. L. 
Garner (Shields and others, 1-63) of the National Bu­ 
reau of Standards. The Rb86/Rb87 ratio of a reference 
sample of rubidium sulfate was determined as 2.5995 
±0.0015 (95 percent confidence interval). No varia­ 
tions larger than can be accounted for by experimental 
error were found in 26 minerals and, 1 whole-rock sam­ 
ple of aplite. The minerals include biotite, K- feldspar, 
muscovite, and lepidolite from granite, pegmatite, 
gneiss, and schist. The isotopic ages of the samples 
range from 20 to 2,600 m.y The results, indicating no 
large natural variations, do not support the suggestion 
that the Rb^VRb87 ratio should be determined for each 
mineral used in an age determination. The value of 
2.599 for Rb^/Rb87 was obtained on a mass spectrometer 
with a 12-inch radius of curvature and a triple-filament 
mode of ionization. Laboratories using the Nier-type 
mass spectrometer with a 6-inch radius of curvature 
and single- filament mode of ionization should determine 
the value of Rb86/Rb87 for their instrument or use Nier's 
value of 2.591 for the relative abundance ratio,

Algebraic and graphic procedures for calculating 
pb206/U238) pbw/uaw and Pb2or/Pb2o6 concordant and 
discordant ages are discussed by L. R. Stieff, T. W. 
Stern, and R. N. Eicher (1-63) .

Lead-alpha ages, however, for younger zircons com­ 
monly give older ages than K-Ar and Rb-Sr ages for the 
associated micas. This disagreement may result from 
the superior resistance to metamorphism of zircon com­ 
pared to that of micas. A problem of this type is being 
investigated in rocks collected by B. F. Leonard from

the Idaho batholith. The K-Ar ages for biotite range 
from 65 to 72 m.y., whereas the lead-alpha ages are 110- 
290 m.y. Zircon from two samples of hypersthene- 
quartz monzonite porphyry from the Thiel Mountains, 
Antartica (Ford, A. B., 1-63), give lead-alpha ages of 
530, 630. and 620 m.y. The lower age is similar to K-Ar 
mica age reported from McMurdo Sound.

Lead-alpha age measurements

Lead-alpha determinations by T. W. Stern on zircons 
from the Minnesota valley gave ages in the range from 
2,600 to. 3,000 m.y. and led to the isotopic U-Pb rating. 
The lead-alpha age determinations are in the range of 
the Pb206/!?38 determinations made by E. J. Catanzaro. 
Good correlations between lead-alpha and Pb208/!!238 
ages generally are found; however, the lead-alpha meth­ 
od fails to indicate the discordancy of the isotopic ages, 
and hence for old zircons that contain only small 
amounts of common lead, the lead-alpha ages tend to be 
minimum values.

Protactinium-thorium dating

Attempts to determine the age of Pleistocene carbon­ 
ate rocks by measurements of the Th230/!! and Pa231/U 
ratios were continued by J. N. Rosholt in collaboration 
with P. S. Antal of the Marine Laboratory of the Uni­ 
versity of Miami. A study (3-63) of marine limestones, 
calcareous tufa, and cave stalagmites shows that the 
method probably will not be practicable because signifi­ 
cant amounts of uranium are lost by leaching.

Natural radioactive disequilibrium studies

The isotopic f ractionation of uranium in sandstone 
deposits in the Western States is 'being studied by J. N. 
Rosholt in collaboration with W. R. Shields and E. L. 
Garner of the National Bureau of Standards (2-63). 
Preliminary results show deviations in U235/U234 ratio 
throughout a range from 40 percent excess IT234 to 40 
percent deficient U234 with respect to the U235/U234 ratio 
in the National Bureau of Standards natural uranium 
reference sample. The deficient U23* is leached prefer­ 
entially to U238 and the excess U23* is believed to result 
from deposition of U234 enriched in solutions from 
leached portions of the deposits.

LIGHT STABLE ISOTOPES 
Oxygen and carbon

The fractionation of 018/016 between coexisting calcite 
and dolomite from lead-zinc deposits of the Mississippi 
Valley type was determined by Irving Friedman and 
W. E. Hall (1-63). Determination of 8 O18 and 8 C18 of 
coexisting calcite and dolomite showed little fractiona­ 
tion in mineral pairs and raises a question concerning 
earlier data for Leadville, Colo., where Engel, Clayton,
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ind Epstein 95 found large fractionation between calcite 
ind white coarsely crystalline dolomite, but not between 
calcite and fine-grained dolomite. The Leadville de­ 
posit represents a high-temperature environment, 
whereas low-temperature conditions prevailed in the 
Mississippi Valley deposits.

Deuterium in fluid inclusions

The relative concentrations of deuterium in water of 
luid inclusions were determined by W. E. Hall and I. 
Friedman w to supplement chemical analyses of the pri- 
nary fluid inclusions in ore and gangue minerals from 
;he Cave-in-Rocks district, Illinois, and the Upper Mis­ 
sissippi Valley zinc-lead district of Wisconsin, Illinois, 
and Iowa. Compositional changes are related to the 
mragenetic sequence of the ore and gangue minerals, 
ind the concentrations of deuterium are used as a guide 
x) the possible sources of the mineralizing fluids.

The fluid inclusions in early ore minerals are concen­ 
trated sodium and calcium chloride brines and are simi- 
ar to some analyzed samples of connate water. Quartz 
Mid sulfides, intermediate in the sequence, contain fluid 
inclusions with a composition indicating a change that 
nay have resulted from the introduction of magmatic 
svater. A lower relative deuterium concentration was 
Pound in these minerals. Gangue minerals of the last 
stages of mineralization have fluid inclusions with chem­ 
ical and isotopic characteristics suggesting meteoric 
water or mixed waters of meteoric and possible mag­ 
matic origin.

LEAD ISOTOPES
The isotopic composition of lead in volcanic glasses 

from the Western States less than 50 million years in 
a,ge is being investigated by B. K. Doe in cooperation 
with George R. Tilton of the Geophysical Laboratory,

arnegie Institution of Washington. Lead, uranium, 
ind thorium concentrations are also being determined. 
The isotopic composition of the glasses differs widely, 
ind isochron model ages range from 1,200 m.y. to 
  600 m.y. (future age), in marked disagreement with 
[the known ages of recent to 50 m.y. The lead of the 
volcanic glasses could not have been entirely derived 
[from a uniform infinite reservoir as required by the 
sochron models. The glasses may represent magmas 

^ierived from upper crustal materials, a variable mantle, 
or contaminated magmas.

M .Engel, A. E. J., Clayton, R. N., and Epstein, Samuel, 1958, Varia­ 
tions In isotopic composition of oxygen and carbon In Leadville lime­ 
stone (Mississippian, Colorado) and Its hydrothermal and metamorphlc 
phases: Jour. Geology, v. 66, p. 374-393.

88 Hall, W. E., and Friedman, I., 1963, Chemical and isotopic com- 
jposltlon of fluid Inclusions, Cave-ln-Rock fluorlte district, Illinois, and 
Upper Mississippi Valley zinc-lead district, Wlsconsln-Illlnols-Iowa: 
|Econ. Geology. [In press]

Lead isotope data from a number of mining districts 
in the northern Rocky Mountains are summarized by 
R. S. Cannon, Jr., A. P. Pierce, J. C. Antweiler, and 
K. L. Buck (1-62) The isotopic composition of the ore 
lead shows a relation to the age of the host rocks, from 
extremely primitive lead that gives model ages greater 
than 2,000 m.y. in the old Precambrian metasedimentary 
rocks at Atlantic City, Wyo., to J-type lead with fu­ 
ture model ages in upper Paleozoic rocks in the Wood 
River district, Idaho. In the Coeur d'Alene district, 
major deposits give model ages of 1,400 to 1,200 m.y., 
whereas minor deposits generally yield younger model 
ages in the ranges 1,400 to 100 m.y. The isotopic analy­ 
ses do not clearly prove or disprove the apparent Pre­ 
cambrian age of Coeur d'Alene ore lead.

An unusual zoned galena crystal from the Tri-State 
mining district is described by R. S. Cannon, Jr., K. L. 
Buck, and A. P. Pierce (1-63). The sample is from 
the Netta mine in the Picher-Miami area, Ottawa 
County, Okla. Preliminary isotopic analyses show a 
systematic increase in the Pb^/Pb207 and in total radio­ 
genic lead from inner to outer growth zones. The lead 
deposited from ore-bearing solutions was progressively 
enriched in radiogenic isotopes as the crystal grew.

The concentrations of common lead in some Atlantic 
and Mediterranean waters and in snow were investi­ 
gated by M. Tatsumoto in collaboration with C. C. 
Patterson of the California Institute of Technology. 
Snow samples from three falls in Lassen Volcanic Na­ 
tional Park were found to differ in isotopic composition 
from lead in pelagic sediments. The difference is at­ 
tributed to contamination by lead aerosols from tetra- 
ethyl lead.

Lead concentrations in Atlantic and Mediterranean 
waters are less than 0.1 j«,g per liter. In samples from 
the Mediterranean the lead concentrations are high in 
surface waters and uniformly low in deeper water, sim­ 
ilar to the distribution in Pacific Ocean samples off 
southern California. Atlantic Ocean samples have no 
uniform trend with depth. It appears possible that 
lead tetraethyl contamination can be used as a tracer 
in the study of oceanic circulation.

The isotopic composition and concentration of lead in 
brine from the Niland drill hole in California were 
determined by B. R. Doe in a cooperative study with 
D. E. White. The brine contained 104 ppm of lead and 
0.0053 ±0.0008 ppm of uranium. The isotopic com­ 
position resembles closely lead from the west coast 
obsidians. The brine lead has isotopic ratios of Pb206/ 
Pb 204 and Pb 208/Pb 20* that are smaller than those for 
galena ores of the Mississippi Valley type, which are the 
largest lead deposits in the United States.



A154 INVESTIGATIONS OF PRINCIPLES AND PROCESSES

SOLID-STATE STUDIES 

Luminescence and thermoluminescence studies
Using color filters, F. E. Senftle and P. Martinez have 

determined the spectral distribution of thermolumines­ 
cence glow curves for thallium-activated cesium iodide 
from 4.2°K to 305°K, and for pure Csl from 4.2°K to 
290°K. The spectral distribution of the fluorescence 
emission was also measured on the same specimens from 
77°K to 290°K, and that of alpha and gamma scintilla­ 
tion luminescence was measured at 126°K, 164°K, and 
at room temperature. The normal mode-of-decay scin­ 
tillation luminescence in "pure" Csl as well as the new 
(100 n sec) mode reported last year (1-62) are in the 
3,000-4,000 A band. A new mode of decay has been 
found in Csl in the 4,600-5,000 A band between 130°K 
and 160°K having a decay time of 1-2 jusec. A model 
proposed to explain the combined thermoluminescence, 
fluorescence, and scintillation phenomena in cesium 
iodide will be presented together with the data in a re­ 
port now in preparation.

Magnetic properties of tektites

The magnetic susceptibility and percentage of ferrous 
and ferric iron, manganese, and titanium have been 
determined for 21 bediasites and 4 philippinites. The 
magnetic susceptibility of tektites is dependent princi­ 
pally on the ferrous iron, with a small, but significant, 
contribution for the ferric iron. Neglecting the small 
contribution of other transition elements, but correcting 
for the ferric iron, an expression is given for the sus­ 
ceptibility in terms of the total iron. This relationship 
was verified experimentally, and a method is proposed 
for the determination of ferrous iron (Thorpe, Senftle, 
and Cuttitta, 1-63). The coefficient of correlation be­ 
tween ferrous iron determined chemically and magneti­ 
cally is 0.985. An approximate value for ferric iron 
can also be calculated. The coefficient of correlation 
between ferric iron determined chemically and magneti- 
ally is 0.740.

Use of the method on tektites from other strewn fields 
(areas) shows that it is generally applicable to all tek­ 
tites. When used on synthetic glasses of tektitic com­ 
position, the method was shown to be nonapplicable, 
and the data tend to support the concept that tektites 
have been subjected to reducing conditions.'

Magnetic properties of ice

The magnetic susceptibility of ice has been measured 
by F. E. Senftle and A. N. Thorpe 97 from 77°K to 
245°K. Ice has a temperature-independent diamag- 
netism of -0.683±0.001X10-6 emu per g. Further

OT Senftle, F. B., and Thorpe, A. N., 1962, Oxygen adsorption and the 
magnetic susceptibility of ice at low temperatures: Nature, v 194, 
no. 4829, p. 673-674.

measurements down to 4.2° K show a decrease in diamag- 
netism below 20° K. The reason for this change is not 
known and additional measurements are planned to 
clarify the problem. A review paper by Senftle and 
Thorpe (1-63) describes the techniques of measuring 
the magnetic susceptibility of ice, and some of the effects 
of the adsorption of oxygen on the magnetic properties. 
A chapter reviewing the magnetic susceptibility meas­ 
urements of biological materials has been prepared.98

Influence of the Earth's magnetic field on geomicrobio- 
logical processes

A theoretical study has been made of the possible 
effect of the Earth's magnetic field on the movement 
and distribution of charged microorganisms in the 
ocean (Sisler and Senftle, 1-62). Based on a proposed 
model, a laboratory experiment was designed to show 
the effect in sea water circulated through a special cell 
mounted in the field of a permanent magnet. The ex­ 
perimental data support the hypothesis that the vertical 
motion of bacteria in the sea is influenced by ocean 
currents in the horizontal component of the Earth's 
magnetic field.

Magneto-acoustic studies
Magneto-acoustic studies have been made on fairly 

pure single crystals of potassium by A. F. Hoyte in 
collaboration with D. Shelley and E. Mielczarck " of 
Catholic University, Washington, D.C. Ultrasonic 
longitudinal waves were propagated along the 110 di­ 
rection. A magnetic field was applied perpendicular 
to this propagation direction along several crystal axes, 
and an oscillatory dependence in the attenuation was 
found with variation in the magnetic field.

Three to four maxima were observed in the region 
between 500 and 2,000 gauss. The Fermi momentum 
of potassium was calculated from these measurements 
and was found to have a minimum value of 72xlO~18 
gm-cm/per sec and a maximum value of 8lXlO~18 
gm-cm/per sec, indicating that the Fermi surface of 
piotassium is slightly ellipsoidal and that the free elec­ 
tronic theory of metals is reasonably good in this case, 
the error being about 10 percent.

X-ray studies of the crystal have yet to be made to 
determine the magnetic field directions in order to com­ 
plete the mapping of the Fermi surface of potassium.

ISOTOPE STUDIES OF CRUSTAL EVOLUTION
Strontium

Studies of the relative abundance ratios of the isotopes 
of strontium by C. E. Hedge and F. G. Walthall (1-63),

98 Senftle, F. B., 1963, Magnetic susceptibility of biological materials. 
in Barnothy, M., ed., Progress in biomagnetism: New York, Plenum 
Press. [In press>

 » Mielczarck, B., Shelley, D., and Hoyte, A., 1963, Fermi surface of 
potassium : Phys. Rev. Letters. [In press)
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using improved mass spectrometric techniques, permit 
more precise estimates of some limitations on the com­ 
position of the crust and of the mantle. The evolution 
of the strontium isotopes is traced through measure- 
nents of the ratio Sr87/Sr86. Simultaneous measure­ 
ments of the ratio Sr^/Sr88 permit a correction for 
:ractionation or mass spectrometer discrimination by 
normalizing the Sr^/Sr88 measurement to 0.1194 and by 
making a corresponding correction for Sr^/Sr86 meas­ 
urements. The technique and precision of the measure­ 
ments are given in a paper by Hedge and Walthall.100

The initial Sr87/Sr86 of the earth is assumed to be that 
determined for meteorites (0.698). A change in the 
mantle for this ratio is predicated on measurements of 
0.700 for ancient basaltic rocks (2,700 m.y.) and of 0.703 
For modern oceanic basalts. These figures indicate a 
Eb/Sr ratio of 0.02 for the mantle.

Continental volcanic rocks range from 0.703 to 0.711 
in Sr87/Sr86 at the time of crystallization, and only a 
vague correlation was found between original ratio and 
rock type. The original ratio decreases with increasing 
age of the rock. The average initial ratio of Srsr/Sr86 
of continental rocks has changed 1.1 percent in the past 
3,000 million years, whereas the corresponding change 
in source region of oceanic basalts has been no more than 
0.5 percent.

The variations in initial Sr87/Sr86 found so far for 
ilicic rocks are appreciably greater than for mafic rocks. 

If granitic and intermediate plutonic igneous rocks are 
formed by magmatic differentiation, considerable varia­ 
bility in the source of basaltic material (that is, the 
mantle) is suggested. The large terranes of granitic 
gneisses are also being investigated.

Lead
Studies by B. E. Doe (2-62) suggest regional trends 

in the isotopic composition of lead in granitic rocks. 
Lead from young obsidians and granites from the west 
coast of the United States has a narrow range of isotopic 
composition, from 1.208 to 1.225 for the ratio Pb206/ 
Pb207 , and appears to have been generated in a source in 
which U238/Pb204 was greater than 9. Lead in young 
obsidians and granites from the eastern Eocky Moun­ 
tains, however, ranges from 1.074 to 1.119 for Pb206/ 
Pb207, and most appears to have been derived from 
sources with U238/Pb204 less than 9. Lead in obsidians 
from Yellowstone National Park shows extreme ranges, 
and appears to have been derived from a source with
 Tj23S/pb204 of about g yalueg Of Pb208/pb204 are mQrQ

uniform in the two regions and range from 38.5 to 39.5 
for rocks from the west coast and from 38.0 to 39.3 for 
the eastern Eocky Mountains. Thus the obsidians and

100 Hedge, C. E., and Walthall, F. G., 1963, Radiogenic strontium as 
an index of geologic processes: Science, v. 140, no. 3572, p. 1214-1217.

younger granites of the west coast have a mode of origin 
that does not involve marked differentiation between 
uranium and thorium in the source, in sharp contrast 
with the eastern Eocky Mountains. Older granitic 
rocks show similar features (Doe and Hart, 1-63). 
Because the measured value for IP38/?!?204 in all 
granitic rocks that have been analyzed is greater than 
9, it is unlikely that the obsidians and young granites 
of the eastern Eocky Mountains represent melted old 
granites. Either a large component of lead in the 
obsidian and young granites comes from the upper sialic 
crust, or the mantle under the continent must have 
variable values of U/Pb as well as variable Eb/Sr.

HYDRAULIC AND HYDROLOGIC STUDIES

SURFACE WATER

During the past year, theoretical studies have led to 
new approaches to the analysis of vertical-velocity pro­ 
files, flow and salinity distribution in tidal streams, dis­ 
persion of miscible material in open-channel flow, flood 
probabilities, and reservoir storage. Experimental 
work has yielded valuable results in such varied fields 
as dispersion of tracers, shear in open-channel flow, heat 
dissipation in rivers, and electric analogs of floods. Ex­ 
tensive field studies have been made of measurement of 
flow by use of tracers, relations of rainfall and runoff, 
and improvements of methods of estimating stream flow.

Statistical analysis of vertical velocity profiles

A statistical model of vertical velocity profiles in a 
channel of finite depth and infinite width has been de­ 
veloped by N. C. Matalas. A set of particles are as­ 
sumed to move randomly in a downstream direction, 
bounded by an absorbing channel bottom and a reflect­ 
ing water-surface barrier. The mean velocity at a 
downstream vertical is assumed to be proportional to the 
expected number of particles passing through the ver­ 
tical at given depths. If the probability distribution 
describing the movement of each particle is symmetri­ 
cal, then the limiting form of the velocity profile is de­ 
fined by a cosine function. The velocity is a maximum 
at the surface and decreases according to the cosine law 
to zero at the channel bottom. This limiting form of 
the velocity profile is independent of the initial vertical 
velocity profile. Expressions have been derived for the 
central moments of the probability distribution for the 
number of particles at given depths. 

Longitudinal dispersion of miscible material
The differential equation for longitudinal dispersion 

of miscible material in steady uniform open-channel 
flow was solved numerically by N. Yotsukura and M. B. 
Fiering. The solution shows that the mass center of



A156 INVESTIGATIONS OF PRINCIPLES AND PROCESSES

the dispersed material travels with the mean velocity, 
and that the change in the standard deviation of the con­ 
centration distribution becomes linear with time at a 
distance downstream from the injection point that is 
about 80 times the depth. The dispersion coefficient is 
equal to about 15 times the depth times the mean shear 
velocity.

Yotsukura (1-63) also applied the one-dimensional 
energy equation to the analysis of sediment-laden flow 
through a circular orifice.

Long-term flood frequencies

W. J. Conover and M. A. Benson (1-63) considered 
the problem of the assigning of probabilities (or recur­ 
rence intervals) to extraordinary flood events. They 
envisioned an eventual solution to this problem as hav­ 
ing three parts: the conversion of flood-peak data at 
all locations to a comparable basis; the reduction of the 
data to an equivalent number of independent series; 
and the assigning of probabilities to the combined in­ 
dividual events. Their study treats the third part of the 
problem and offers a solution for assigning long-term 
probabilities to the highest floods known to have oc­ 
curred at each of several locations, whether or not con­ 
tinuous records have been maintained at the sites.

Storage-outflow characteristics of nonlinear reservoirs

John Shen (2-63) developed a generalized method 
for determining the storage-outflow relation of non­ 
linear reservoirs from recession hydrographs. The 
method furnishes a simple means of analyzing the flow 
characteristics of small drainage basins.

Laboratory results of dispersion of tracers

Study of dispersion in a flume by G. F. Smoot and 
D. I. Cahal showed that the rate of dispersion of the 
tracer solution, injected as a plane source into the flow, 
did not agree with that predicted by existing theory 
based on a two-dimensional model. The rate of disper­ 
sion was found to depend on the rate of energy dissipa­ 
tion, the scale of turbulence, and the roughness of the 
channel.

Effect of sudden release of water on dispersion

P. H. Carrigan made a laboratory investigation of 
the effect of a sudden release of water from a hydro­ 
electric plant on the dispersion of miscible materials. 
Using a distorted model of the lower Clinch River, he 
found that the dispersion process due to a sudden release 
of water is not greatly different from that for steady 
flow.

Distribution of shear in rectangular channels

In studies of the distribution of boundary shear as 
measured with a Preston tube at a cross section 118 feet

downstream from the entrance of a smooth rectangular 
flume, J. Davidian and D. I. Cahal (Art. 113) found 
that the ratio of the shear on the sidewalls to the shear 
on the channel bed increased with increasing velocity 
when the depth of flow was constant. This at least 
partly explains the tendency of a sand channel stream 
to widen its channel as the discharge and velocity 
increase.

Kinetic-energy coefficient for natural channels

Evaluation of the kinetic-energy coefficient for nat­ 
ural stream channels by Harry Hulsing and Winchell 
Smith from 154 sets of velocity observations indicated 
that the average coefficient was 1.36 with a standard 
deviation of 0.20. The coefficients are much higher 
than would be predicted from a theoretical analysis of 
two-dimensional flow, indicating that the shear stress 
due to the variation of velocity in the horizontal plane 
is an important source of energy loss in natural stream 
channels. 
Heat dissipation from a thermally loaded stream

A 48-hour series of measurements by Harry Mes- 
singer on the West Branch of the Susquehanna River, 
downstream from a steam-electric generating plant 
near Shawville, Pa., indicates that currently used 
energy-budget methods are inadequate for predicting 
the temperature die-away pattern of a heated stream 
(Art. 104). The drop in temperature per unit length 
of reach was about 50 percent greater than that pre­ 
dicted by theory. The study indicates that evaporation 
from a stream cannot be accurately determined by mass- 
transfer equations derived for lakes and reservoirs, 
because of differences in the relation of surface tempera­ 
ture to body temperature; and that solar and atmos­ 
pheric irradiation of a river surface in a shaded valley 
cannot be determined by a radiation measurement taken 
in a nearby open area. Heat conducted from the water 
to the riverbed, while measurable, was insignificant 
compared with other heat-transfer mechanisms.

Electric analog models of surface flow

John 'Shen (1-62) utilized electric-analog models in 
his study of the rainfall-runoff process during flood 
periods. Rainfall events were simulated by voltage 
peaks of random height and normal distribution. 
Drainage basins were simulated by a transit time and 
a lag time due to the effect of storage. He found that 
the distribution of flood peaks tends to be normal if the 
relation between flow and storage is linear, but the dis­ 
tribution of peaks is highly skewed if the flow-storage 
relation is nonlinear. Shen (1-63) also developed an 
electric-analog solution for two-dimensional turbulent 
diffusion.
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stimating snowmelt runoff from mountain drainages

A rational method of estimating snowmelt runoff 
>m mountainous river basins was successfully tested 
S. E. Rantz (Art. 108) in the 245-square-mile water- 

ted of the North Yuba River in the Sierra Nevada in 
'alifornia. The snowmelt formulas are based on 
ihysical laws of heat exchange and incorporate con­ 

stants that reflect the effect of environmental influences 
such as: forest cover and basin exposure. Snowmelt 
3omponents resulting from radiation, convection, con­ 
densation, rain, and ground heat were computed sep­ 
arately. These components were then combined and 

»uted to the stream-gaging station by unit-hydro- 
raph techniques, to reproduce the daily discharge 
lydrographs for snowmelt seasons in each of 3 years, 

e general method is applicable in other basins.

se of tracers in measuring flow velocity

A need for reasonably accurate information on the 
(time of travel in connection with design of pollution- 
xmtrol measures has stimulated interest in measure­ 
ments of tune of travel with tracers. Many field 
measurements have been made with Rhodamine B, a 
sommercial dye, and a fluorometer capable of detecting 
;he dye in concentrations as small as one tenth part per

M. R. Collings tested the effects of water temperature, 
>H, sunlight, and extraneous dissolved or suspended 
naterial on the accuracy of fluorescence measurements 
jising the Turner model III fluorometer. Calibration 
Curves for temperature variations were determined for 
"lodamine B and Pontacy pink dyes. The effect of 
»H on the fluorescence was found to be insignificant 
'or waters with pH of 4 or higher. Sunlight had no 
ignificant effect on samples analyzed within a few 
,ours of withdrawal. Excellent repeatability of con- 
aitration measurements was found for 'both Rhoda- 

] nine B and Pontacy pink.
B. Dunn and others successfully measured time of 

travel on Irondequoit, Thomas, and Alien Creeks near 
Rochester, N.Y., with Rhodamine B and a fluorometer. 

T. J. Buchanan, J. R. Kreider, and others tested the 
use of Rhodamine B and the Turner model III fluorom- 
oter for time-of-travel measurements in streams with 
flows ranging from 10 to 17,000 cfs and with reaches 
from 1 mile to about 100 miles long. Concentrations 
of Rhodamine B as low as half a part per billion were 
detected reliably.

P. M. Frye used green fluorescein dye injected at a 
constant rate for 1 day at the point where the stream 
draining Grassy Cove in the Cumberland Plateau, 
Term., enters Mill Cave, to verify a long-standing theory 
ihat water from Grassy Cove emerges 7 miles southeast 
at Sequatchie Spring at the head of the Sequatchie

River. Dye injected into a flow of 3.89 cfs at Mill Cave 
on September 27 was first detected in a flow of 4.85 cfs 
at Sequatchie Spring on October 2.

Rainfall-runoff relations in small watersheds in Texas

Studies were made in two drainage basins in Texas 
to determine the number of rain gages needed for accu­ 
rate evaluation of average basin-storm rainfall. C. R. 
Gilbert and others (1-63) reported that in a 39-square- 
mile basin in northeast Texas, for two-thirds of the 152 
storms studied, average rainfall computed from 4 rain 
gages was within 8 percent of that determined from 
14 rain gages. Similar results with 17 rain gages were 
obtained by W. B. Mills for the 44-square-mile Deep 
Creek watershed in the Colorado River basin of central 
Texas.101

Consumption, by evaporation, seepage, and transpira­ 
tion, of runoff stored at floodwater-retarding structures 
has been found to exceed the annual runoff in some 
years, according to a series of studies conducted in 
Texas.

Consumption of total annual yield can be expected 
when annual runoff approaches 1.5 inches in the Honey 
Creek basin (Gilbert and others, 1-63), 1.0 inch in the 
Elm Fork Trinity River basin (Gilbert and others, 
2-63), and 0.8 inch in the Deep Creek basin. A 10- 
percent consumption can be expected when annual run­ 
off approaches 17 inches in the Honey Creek basin and 
10 inches in Elm Fork Trinity and Deep Creek basins. 
The average consumption for the period of study was 
found to be 22 percent in Honey Creek basin, 13 percent 
in Elm Fork Trinity basin, and 27 percent in Deep 
Creek basin. Evaporation represented 70 percent of 
consumption in Honey Creek basin and 49 percent of 
consumption in Elm Fork Trinity basin. Evapotrans- 
piration accounted for 71 percent of consumption in 
Deep Creek basin.

Rainfall runoff in mountain watersheds in southern 
California

J. R. Crippen found from an analysis of data for 16 
mountain basins of southern California that natural 
water loss varies with precipitation and with such basin 
characteristics as climatic environment, altitude, and 
geology. In the 16 study basins the mean annual water 
loss ranged from 27 inches where mean annual precipi­ 
tation was 39 inches, to 13 inches where mean annual 
precipitation was 14 inches.

Runoff from an artificial catchment in Hawaii

In a study of runoff from an artificial impervious 
catchment in Kona, Hawaii, from 1959 to 1961, S. S.

191 Mills, W. B., 1963, Hydrologlc studies of small watersheds, Deep 
Creek watershed, Colorado River basin, McOulloch and San Saba 
Counties, Texas, 1951-61: U.S. Geol. Survey open-file report.
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Chinn found that an average of 84 percent of precipi­ 
tation was captured. Rainfall-runoff relations indicate 
a rapid decline with time of catchment efficiency of the 
asphaltic membrane used.

Rainfall-runoff relations in western Tennessee

An empirical study of monthly runoff-precipitation 
relations by calendar months using data from western 
Tennessee by H. C. Riggs indicates that: (1) for ad­ 
jacent basins the regression between discharges may be 
improved only slightly by inclusion of a precipitation 
parameter, (2) for basins 100 miles apart the best 
simple regression is between runoff and precipitation 
and this can be improved slightly by inclusion of an 
index of antecedent conditions based on discharges from 
the basin 100 miles away, and (3) the reliability with 
which monthly mean discharges can be estimated varies 
considerably with the calendar months.

Effects of urbanization on streamflow at Austin, Tex.

According to W. H. Espey, Jr., urbanization of a 
4-square-mile drainage area in Austin, Tex., has caused 
a significant increase in the peak ordinate of the unit 
hydrograph, a 70-percent reduction in time of rise from 
base flow to peak discharge, and a 67-percent reduction 
in lag time.

Diurnal effect of evapotranspiration on streamflow in 
southern New York

A study by F. L. Robison of diurnal fluctuation in 
streamflow on Cold Spring Brook at China, N.Y., in 
the Delaware River basin, indicates that evapotran­ 
spiration can cause a decrease of about 85 percent of the 
early morning flow. Evapotranspiration effects be­ 
come noticeable between 0900 and 1000 hours e.s.t. and 
reach maximum value by 1700 hours e.s.t.

Flow of Logon River, Utah, increased by earthquake

Runoff of the Logan River, Utah, increased from 161 
cfs just prior to an earthquake on August 30, 1962, to 
183 cfs on September 2, 1962, according to W. N. Jib- 
son, although there was no precipitation on the water­ 
shed during this period. Also, the discharge of Dewitt 
Spring (Logan City municipal supply) increased from 
23 to 26 cfs. Comparison with previous years of fall 
runoff in the Logan River indicates that the increased 
flow continued at least through September 1962. The 
increased flow of Dewitt Spring also continued through 
September.

Effect of pondage on peak discharge, Olympic Peninsula

A study has been made of the reduction in peak dis­ 
charges on a 0.8-square-mile drainage basin on the 
Olympic Peninsula, Wash., caused by pondage up­ 
stream from an embankment with a 6-foot culvert. 
B. N. Aldridge reports that the maximum reduction in

peak discharge was 2 percent, associated with a rate of 
rise of lees than 2 feet per hour. For streams with a 
more rapid rate of rise, peak discharges would be sig­ 
nificantly reduced by pondage.

Manning coefficients determined for Cascade Mountain 
streams

B. N. Aldridge has determined the Manning coeffi­ 
cients for three boulder-bed streams draining from the 
Cascade Mountains of Washington. The coefficients 
ranged from 0.055 to 0.25 with many results in the 
range 0.07 to 0.14. Preliminary analyses show some 
correlation between coefficients and channel slope, en­ 
ergy gradient, and Froude number.

Field tests confirm theoretical culvert computations

Tests made by C. T. Jenkins (Art. 109) on a battery 
of five 58-inch by 36-inch pipe arch culverts show good 
agreement between measured discharges and discharges 
computed by U.S. Geological Survey procedures for 
calculation of flow through culverts.

New record low level in Great Salt Lake, Utah

According to L. N. Jorgensen, the altitude of Great 
Salt Lake was 4,191.95 feet on December 31, 1962, a 
new year-end record low for the 112 years of record, 
and only 0.35 foot above the lowest level measured, 
4,191.6 feet in October 1961. These low winter levels 
and continuing drought conditions indicate that a new 
record minimum level probably will be reached in the 
fall of 1963.

The highest altitude reached since regular measure­ 
ments began in 1851 was 4,211.6 feet in 1873 20 feet 
above the low of October 1961. Droughts caused low 
levels of 4,195.8 feet in 1905 and 4,193.7 feet in 1940.

An automatic recorder installed in 1938 has per­ 
mitted more detailed study of lake levels than was pos­ 
sible earlier from staff-gage readings. Owing to lack 
of precipitation and deficient streamflow, the lake rose 
only 0.05 foot in the 31^ months from October 15,1962 
(the seasonal low) to February 1, 1963. The lowest 
recorded increase in level during the same period was 
0.2 foot, the highest was 1.0 foot, and the average was 
about 0.6 foot.

Predicted equilibrium of level of Salton Sea, Calif.

A study of the hydrologic regimen of the Salton Sea, 
Calif., by A. G. Hely (1-63) and G. H. Hughes shows 
that the average annual evaporation during 1&61 and 
1962 based on the water budget was 70.6 inches, and on 
the basis of the energy budget it was 73.3 inches. 
Using the average of these two determinations (72 
inches) and the 15-year average evaporation from three 
sunken screened pans, the mean annual evaporation 
from the Sea for 1948-62 was computed to be 69 inches.
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Using this average rate of evaporation, it was de- 
;ermined that a state of quasi-equilibrium will be 
reached at an elevation of 229 feet below mean sea level, 
about 3.5 feet higher than the elevation at the end of
1962. if inflow continues at the 1953-62 average rate.

GROUND WATER
Investigations of principles and processes in the field 

of underground water made important progress during
1963. Theoretical studies have made new contributions 
in the understanding of ground-water-surface-water 
relations (see p. A161), and in the development of ana- 
og modeling techniques. Experimental work, chiefly in 
the area of electric-analog models and hydraulic sand 
nodels, has assisted in the solution of complex hydro- 
ogic problems not susceptible to mathematical analysis. 
Extensive field studies of the physical characteristics 
of aquifers, temperature of ground water, and new ap­ 
proaches to exploration for ground-water supplies are 
reported.

Turbulent flow in granular materials

In analyzing the problem of turbulent flow in ground 
water, W. O. Smith and A. N. Sayre used pipes of cir­ 
cular section 0.01 to 6 inches in diameter to approximate 
flow channels in rocks. They found that ground-water 
flow is turbulent in the larger channels (pipes) at rela­ 
tively slight hydraulic gradients. Under natural hy­ 
draulic gradients, turbulent flow probably does not 
occur in sediments finer than medium to coarse gravel.

Statistical analysis of aquifer-test data

C. T. Jenkins (Art. Ill) demonstrated the applica­ 
tion of a graphical method of multiple-regression 
analysis to a set of hypothetical aquifer-test data to 
estimate the permeabilities of various layers in the 
aquifer. The graphical analysis agreed closely with 
an algebraic analysis of the same data.

Principles of electric analog models of ground-water 
systems

H. E. Skibitzke (2-63) described the underlying
heory and application of computing systems for de­ 

termining the hydraulic-potential distribution in 
ground water as a function of space and time. The 
systems are of the passive-element direct-simulation 
type. They make use of the relation between Darcy's
aw and the Maxwell equations and employ the anal­ 

ogies between electrical resistors and permeability
imes a distance, and between electrical capacitors and 

storage coefficient times a volume. Nonlinear com­ 
puting elements are used to simulate the effects of re-
loverable evapotranspiration losses 'and the effects of
ime-dependent storage characteristics.

Design of electric analogs for unconfined aquifers

Electric-analog design criteria for flow to wells in 
unconfined aquifers have been established by K. W. 
Stallman (2-63). Analog relations derived from the 
basic differential equations of ground-water motion 
were applied to construct a finite-difference grid which 
was used for computing the permeability and specific 
yield from published pumping-test data. Results of the 
model study indicate that estimates of permeability and 
specific yield are highly dependent on the flow condi­ 
tions which are assumed to exist in the aquifer; and that 
vertical-flow components near the well, generally not 
considered in the mathematical analysis of pumping- 
test data, may be much more significant in the control of 
water-table decline than radial-flow components for as 
much as 1 day of pumping. Detailed analysis also indi­ 
cates that the specific yield during the first few minutes 
of pumping appears to be a small fraction of that 
observed after pumping for more than one day.

Effect of injection on spread of tracers

In a mathematical analysis of the injection of a tracer 
into a granular medium, Akio Ogata (Art. 55) showed 
that before a realistic appraisal can be made of the 
magnitude of spread of a contaminant due to diffusion, 
consideration must be given to the hydrodynamic con­ 
dition governing the flow system near the source of 
injection. To approximate an injection well under field 
conditions, a point source of injection in an infinite 
aquifer was assumed. For a large injection velocity 
relative to the velocity of flow in the ground-water sys- 
tern, the zone of spreading is extremely large compared 
with the spreading that would occur without a mechan­ 
ism which tends to disperse the injection fluid.

Use of radioisotopes to evaluate directional permeability

J. M. Cahill has used a radioactive isotope injected 
into saturated blocks of porous material to determine 
the magnitude and direction of permeability. After 
a quantity of the radioactive material is injected, the 
block is allowed to dry and then is sawed into sections. 
Radioactivity assays are then made by exposing beta- 
ray-sensitive photographic film to the face of each sec­ 
tion.

Electric-analog analysis of periodic flow

Recently developed frequency-selective pressure- 
measuring devices have made possible the determination 
of aquifer transmissibility from an analysis of steady 
periodic-flow conditions. B. J. Bermes, utilizing prin­ 
ciples of electric-power transmission and assumed 
values of transmissibility and storage coefficient, has 
constructed an electric-analog model which demon­ 
strates that both the Thiem equation and Darcy's law 
are valid under steady periodic-flow conditions as well
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as steady continuous-flow conditions. He found em­ 
pirically that the original assumed transmissibility 
could be computed from gradient and flow data by 
using root-mean-square rather than instantaneous values 
of the hydraulic head.

Aquifer characteristics in San Joaquin Valley, Calif.

E. J. McCelland and F. S. Eiley have reexamined data 
from a series of aquifer tests in the southern part of the 
San Joaquin Valley where the thick alluvial aquifer 
system consists of numerous interbedded coarse and 
fine-grained strata and is, in general, subject to sub­ 
stantial compaction as artesian head is lowered. This 
situation is a reasonable approximation of the condi­ 
tions assumed by Hantush 10!2 in deriving equations that 
describe the nonequilibrium-drawdown distribution 
near a well draining an elastic artesian aquifer, 
". . . confined above 'and/or below by semipervious 
elastic clay or silt that yields significant amounts of 
water from storage."

The data were analyzed by conventional curve- 
matching methods, using a family of "type-curves" of 
Hantush's function H(u,/3), plotted on log-log coordi­ 
nates. Analyses using Hantush functions were applied 
to tests which, as previously analyzed by the Theis for­ 
mula, showed progressive increases in transmissibility 
with distance from the pumped well. Use of the Han­ 
tush function produced more consistent and signifi­ 
cantly smaller values for transmissibility than those 
from the Theis formula. The values resulting from use 
of the Hantush function are believed to be more repre­ 
sentative of the true aquifer properties.

Neutron-probe determinations of storage coefficient

Using a neutron moisture probe to determine the 
storage coefficient of alluvium of the Arkansas Eiver in 
Kansas, W. R. Meyer (1-63) was able to get close agree­ 
ment with storage coefficients determined by pumping 
tests. Analysis of the pumping-test data by the Thiem 
equation indicated a storage coefficient of 0.19 gpd per 
ft., and by the Theis nonequilibrium formula, 0.21 gpd 
per ft. The storage coefficient determined by the neu­ 
tron-probe method was 0.205 gpd per ft.

Permeability of glacial till

S. E. Norris (1-63) concluded on the basis of a study 
of glacial tills from Ohio and South Dakota that per­ 
meability values, although low, are reasonably uniform 
and can be applied over broad areas in estimating the 
rate of percolation of water through till to underlying 
aquifers.

1W Hantush, M. S., 1960, Modification of the theory of leaky aquifers: 
Jour. Geophys. Research, v. 65, no. 11, p. 3713-3725.

Permeability of crystalline rocks of Georgia

J. W. Stewart (1-62) using pressure tests made for 
underground gas-storage investigations in the Pied­ 
mont province in Georgia, showed that considerable 
movement of ground water is possible through fractures 
in crystalline rocks at depths as great as 500 feet. He 
estimates the transmissibility of fractured gneiss at that 
depth to be about 50 gpd per foot, and suggests that 
wells drilled to 500 feet should yield 10 to 25 gpm. It 
was formerly assumed that fractures would be tight 
and that the crystalline rocks would be virtually imper­ 
meable at such great depths.

High infiltration rates in weathered crystalline rocks

In tests of infiltration rates of weathered crystalline 
rocks in the Piedmont province of Georgia, J. W. 
Stewart (2-63) found that the permeability of saprolite 
was suprisingly high and was comparable to that of 
granular sediments. Infiltration rates of as much as 1 
to 2 inches per hour were reported from some test pits. 
The highest rates were noted in granite-gneiss saprolite, 
which is more permeable than saprolite derived from 
biotite schist or mica-quartz-garnet schist. Where 
thick, the saprolite yields water freely to wells and in 
many areas is the principal aquifer tapped.

New ground-water source in Delaware basin, New 
Mexico

In connection with Project GNOME in southeastern 
New Mexico, J. B. Cooper (1-63) delineated a pre­ 
viously little-known ground-water supply. Thick Cen- 
ozoic continental deposits as much as 1,400 feet thick fill 
a deep depression formed by solution of evaporites from 
rocks of Permian age throughout an area of 150 square 
miles. Wells tapping these deposits yield large supplies 
of water of relatively good quality, whereas the older 
sedimentary rocks yield little water and that is gen­ 
erally saline.

Permeability of limestones in Tennessee

Preliminary petrographic study of bioclastic lime­ 
stones from the Highland Eim Plateau in Tennessee, 
by M. V. Marcher, indicates that those limestones having 
a high index of elasticity are more susceptible to the 
development of permeable zones by surface or near- 
surface weathering than limestones having a low index 
of elasticity. The abundance of some bioclastic ma­ 
terials, such as bryozoan fragments, is also significant. 
Weathered coquinites from the Warsaw Limestone are 
commonly porous and permeable. The type of cement is 
also an important factor in some bioclastic limestones; 
partly cemented limestones containing finely broken 
fossils and other debris are more likely to contain porous
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and permeable zones than similar limestones tightly 
cemented with sparry calcite.

Structural control of ground water in limestones of 
Bluegrass region

Studies in the Lexington, Ky., area by H. T. Hopkins 
have indicated that ground water moves rapidly in well- 
defined channels in cavernous limestone. The direction 
and areas of movement are controlled by closely spaced 
joints which occur most commonly along the axes of 
small synclinal folds.

Concealed aquifers in glacial-lake deposits

In Kittson and Marshall Counties, northwestern Min­ 
nesota, R. W. Maclay (2-62) was able to locate, by 
careful observation of minor topographic features, 
highly permeable beach deposits of glacial Lake Agassiz 
which are concealed beneath younger lacustrine clays. 
Locally, gentle linear mounds mark the site of the 
buried beach deposits. Drilling on these mounds and 
along their extensions has found ground-water supplies 
in an otherwise nonproductive section.

Ground-water temperatures indicate directional per­ 
meability

E. C. Rhodehamel and S. J. Lang (1-62) in a detailed 
study of winter ground-water temperatures along the 
Mullica River, N. J., found that the ground-water move­ 
ment was dominantly horizontal. This is due to pro­ 
nounced differences in vertical and horizontal permea­ 
bility and accounts for layering of ground water noted 
by other workers in analyzing the movement of con­ 
taminants underground.

Effect of vegetal' cover on temperature of shallow ground 
water

E. J. Pluhowski and I. H. Kantrowitz (Art. 51) 
found that variations in absorbed solar radiation among 
differing surface environments in southwestern Long 
Island, N.Y., results in lower ground-water tempera­ 
tures under wooded areas than those observed under 
cleared areas. Shade and a layer of organic material 
on the ground account for the lesser amount of solar 
radiation absorbed in the wooded area.

Differences in ground-water temperature on Long Island

N. J. Lusczynski and W. V. Swarzenski report that 
ground-water temperatures at Lido Beach, N.Y., in­ 
crease from 55° to about 66°F between 100 and 1,050 
feet below sea level. At corresponding depths, the 
temperatures are 1° to 2° lower (range increasing with 
depth) at Lido Beach than at Atlantic Beach, 7 miles 
to the west in southwestern Nassau County. The tem­ 
peratures at corresponding depths between 100 and 650 
feet below sea level were found also to be about 1° to 2° 
lower at Atlantic Beach than at Hewlett Neck, about 2

miles landward of Atlantic Beach. These increases in 
temperatures in a westerly and landward direction are 
substantiated by ground-water temperatures at public- 
supply, observation, and other wells in areas south of 
Sunrise Highway in southwestern Nassau County.

GROUND-WATER SURFACE-WATER RELATIONS

For practical purposes ground water and surface 
water are commonly investigated separately, but in 
nature such a simple separation is not necessarily 
realistic. Depending upon the climate, geology, and 
topography of a given area there may 'be much inter­ 
change between surface waters in lakes and streams 
and underground water. Many of the Survey's 
hydrologic investigations are directed toward better ex­ 
plaining this interchange and include studies of the 
sources and effects of ground-water contributions to 
streamflow, the effects of changes in stream stage on 
ground-water levels, and the effects of ground-water 
pumpage on flow in nearby streams.

Analysis of ground-water contribution to streamflow

A method of estimating the ground-water contribu­ 
tion to streamflow was developed by M. I. Rora'baugh 
by using equations and type curves to compute ground- 
water outflow from a finite aquifer for the following 
conditions: sudden recharge of the aquifer, sudden 
change in stream level, constant rate of recharge, and 
constant rate of change in stream level. The compo­ 
nent of aquifer outflow in response to recharge by pre­ 
cipitation and irrigation was computed on the basis of 
the water level in a well; the component of flow to or 
from bank storage in response to stage fluctuation of 
the stream was computed from the stream stage. Com­ 
bination of the two components produces a synthetic 
curve of the ground-water portion of streamflow, and 
provides a 'basis for forecasting the ground-water por­ 
tion of the surface-water recession curve.

Rorabaugh has applied these concepts to forecasting 
low flow of streams in the Bitterroot basin, Montana, 
where he has shown that ground-water outflow for low- 
water periods (October-March) has sufficient variation 
to warrant further evaluation as a forecasting tool. In 
5 years of records tested, forecasts of theoretical ground- 
water outflow have ranged from 15 to 40 percent above 
the 1936-37 critical low flows and 30 to 60 percent below 
the observed discharge of the Bitterroot River.

Effect of ground-water pumping on flow in a nearby 
stream

E. P. Weeks and D. A. Ericson conducted pumping 
tests in the Little Plover River basin, Portage County, 
Wis., to determine the extent of streamflow depletion 
caused by pumping from nearby wells. The tests indi-
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cated that the vertical permeability of the streambed 
materials controls the rate of streamflow depletion; also, 
the cone of depression of a well near a partially pene­ 
trating stream is larger than the cone of depression com­ 
puted for the idealized situation of a completely pene­ 
trating stream. Unreliable results were obtained by the 
use of equations based on the assumption that the stream 
completely penetrated the aquifer.

Effect of recharge from a stream on ground-water levels

A graphical analysis of the rate of decay of a recharge 
slug in a wedge-shaped nnconfined aquifer bounded by 
two rivers is described by I. S. Papadopulos (Art. 54) as 
a means for calculating the ratio between the coefficients 
of transmissibility and storage. The analysis was based 
on type curves prepared from the solution of an anal­ 
ogous heat-flow problem in which the boundary condi­ 
tions were identical.

Analysis of ground-water changes due to flood waves in 
streams

Analytic solutions for the changes in ground-water 
head, ground-water flow, and bank storage caused by 
flood waves in surface streams were derived by H. H. 
Cooper, Jr., and M. I. Rorabaugh (Art. 53). For flood- 
wave hydrographs that may be approximated by a sinu­ 
soidal or damped sinusoidal curve, these solutions per­ 
mit computation of the resulting ground-water move­ 
ments if the aquifer constants and dimensions are 
known. For areally infinite aquifers, bank storage de­ 
clines very slowly after a flood wave has passed.

Relation of drainage density to streamflow

According to C. W. Carlston,103 a mathematical model 
developed by C. E. Jacob,104 which relates transmissibil­ 
ity to the geometry of a water-table aquifer discharging 
ground water into streams, was analyzed and adapted to 
show that base-flow discharge should vary inversely as 
the square of the drainage density. Flood discharge is 
shown to vary directly as the square of the drainage 
density. In a study of 13 small basins in the eastern 
United States where recharge is practically a constant, 
the observed relations of base flow and flood runoff to 
drainage density were found to be in accord with the 
model's predictions. The mean annual flood runoff 
from 15 small basins was found to be unaffected by large 
differences in relief, valley-side slope, stream slope, or 
amount and intensity of precipitation. Drainage 
density is adjusted to the most efficient removal of the 
mean annual flood runoff. The mean annual flood in­ 
tensity varies inversely with "terrain transmissibility" 

103 Carlston, C. W., 1963, Drainage density and streamflow: U.S. 
Geol. Survey Prof. Paper 422-C. ,[In press]

104 Jacob, C. E., 1943, Correlation of ground-water levels and pre­ 
cipitation on Long Island, N.Y.: Am. Geophya. Union Trana., v. 24, pt. 
2, p. 564-573.

a term which describes the capacity of a terrain to ac­ 
cept infiltering precipitation and to transmit it by un- 
saturated flow through the vadose zone above the water 
table and by saturated flow through the aquifer to the 
streams draining the ground water.

Sources of low flow to streams in the Mississippi 
Embayment

In studies of low-flow characteristics of streams in 
the Mississippi embayment, W. J. Perry, J. A. McCabe, 
and P. R. Speer found that streams in west Tennessee 
receiving base flow from sands of the Claiborne Group 
and the McNairy Sand Member of the Ripley Forma­ 
tion have better sustained low flows than streams whose 
base flow is from other geologic units. The poorest 
contributors to base flow are the Coon Creek Tongue of 
the Ripley Formation and the Demopolis Formation. 
The loess hills in the extreme western edge of the area 
are also a poor source of base flow.

A distinct change in the low-flow characteristics of 
the streams was noted near the Kentucky-Tennessee 
State line. The indices of the headwaters of East Fork 
Clarks River and of Mayfield and Obion Creeks in 
Kentucky are among the lowest of any streams in the 
study area. These streams and the North Fork Obion 
River in Tennessee drain geologically similar areas, but 
the streams in Kentucky probably lie above the water 
tables and therefore are intermittent. Bayou du Chien 
is the only stream in the area north of Tennessee that 
shows an index approaching those of other streams re­ 
ceiving their base flow from the Claiborne Group.

Sources of low flow in the Bruneau River basin, Idaho

H. C. Riggs in studying the sources of low flow in the 
Bruneau River basin, Idaho, finds that half of the low- 
flow discharge at Hot Spring gage enters the channel 
from ground-water sources in the lower 12 miles of chan­ 
nel, and that the largest part enters in the lower 5 
miles. One tributary channel about 25 miles long had 
little change in discharge throughout. Another of 
similar length and direction of flow showed an increase 
of 50 percent in the lower half.

Unfrozen reaches indicate ground-water inflow in Michi­ 
gan streams

S. W. Wiitala and T. G. Newport (1-63) mapped 
areas of ground-water inflow to streams in northern 
Michigan by aerial photography during winter freezes. 
Areas of open water were interpreted as gaining reaches. 
Streamflow measurements made the following summer 
confirmed the interpretations.

Dissipation of flood flows in arid environment

P. E. Dennis reports that a study of Sycamore Creek 
basin in Maricopa County, Ariz., has thrown some light
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on what happens to floodwaters that leave mountains 
and disappear along "sand rivers" in arid valleys. 
During one March flood about 5,000 acre-feet of water 
passed the lower gaging stations in the granite bedrock, 
at a maximum rate of 300 cf s. After leaving the moun­ 
tain front the water disappeared in the first 2 miles of 
the "sand river." Water levels in nearby observation 
wells rose nearly 70 feet, but in a well 3 miles from the 
mountain front the rate of decline in water level was 
merely somewhat reduced for 6 weeks after the flood. 
Most of the water seems to have been evaporated and 
transpired close to the mountain front. This informa­ 
tion should prove helpful in plans to salvage such water 
for beneficial use.

SOIL MOISTURE AND EVAPOTRANSPIRATION

Studies of soil moisture and evapotranspiration have 
received increasing attention during recent years. This 
has come about because of the recognition of the sig­ 
nificance of soil moisture in the hydrologic cycle, and 
the need for understanding soil-moisture phenomena 
to make best use of moisture in the soil. In the arid or 
semiarid areas occupying much of western contermin­ 
ous United States, as well as other countries, moisture in 
the soil represents a very large part of the total moisture 
received, and locally the water consumed by nonbene- 
ficial plants greatly exceeds the economic uses. Fur­ 
thermore, knowledge of movement of moisture through 
the soil is necessary to a fuller understanding of re­ 
charge to the ground-water reservoir.

Studies by the U.S. Geological Survey during the year 
have dealt with the mechanics of soil-moisture move­ 
ment, the development of techniques for obtaining more 
accurate measurements, and the relations of soil mois­ 
ture to use of water by plants and to plant growth. 
Emphasis has been given to quantitative work.

Movement of soil moisture through changes in tempera­ 
ture and atmospheric pressure

Field observations made near Elk City, Okla., by 
R. W. Stallman, R. S. McCullough, and E. E. Parshall 
have shown that temperature gradients contribute sig­ 
nificantly to the movement of moisture in the unsat- 
urated zone. Movement of moisture by thermal energy 
may account for the water transport in fine-grained 
materials now unexplained by the concepts embodied 
in Darcy's law. Wetting of thick clay and silt deposits 
above the water table during the winter, and drying 
during the summer, might be explained by thermal 
drive of water.

Preliminary studies indicate that breathing of the 
unsaturated zone in response to atmospheric-pressure 
fluctuations can cause a significant conversion of in­ 
filtrated water to vapor loss. Where the unsaturated

zone is thick and permeable, several feet of water per 
year can be pumped from the unsaturated zone in this 
way. Efficiency of recharging of aquifers in arid zones 
will be affected markedly by such loss. Furthermore, 
estimates that have been made of the water consumed 
by plants where the water table was at depth may have 
been too high.

Theoretical analysis of moisture movement across soil 
boundaries

Situations in which moisture flux across a soil bound­ 
ary is a known function of surface-moisture content or 
of time were investigated theoretically by Jacob Rubin, 
using the transient-state, one-dimensional moisture-flow 
equation of unsaturated soils. Numerical-difference 
methods evolved make it possible to use the above equa­ 
tion to predict the change in amount of soil-moisture 
during a rain of increasing intensity. It was found 
also that similar predictions could be made in labora­ 
tory tests wherein water is absorbed by a soil from 
an adjacent water-saturated porous plate having a re­ 
cognizable resistance to water flow and having a sur­ 
face that is maintained at constant subatmospheric 
pressure. In addition, semianalytical mathematical 
methods were developed which make it possible to esti* 
mate, for a given soil and a given constant-intensity 
rain, the amount of water which can enter the soil 
before ponding occurs. A preliminary test of the lat­ 
ter method showed that the theoretical computations 
are in reasonable agreement with the experiment data 
available.

Changes in cation content of soil moisture

R. F. Miller and K. W. Ratzlaff obtained sufficient 
corroborating evidence to develop several hypotheses 
concerning the feasibility of tracing unsaturated mois­ 
ture movement with soluble cations. The processes of 
cation exchange and salt precipitation cause soluble 
sodium concentrations to increase in the direction of 
moisture movement. Recurring patterns of unsaturat- 
ed-moisture movement that occur while soil moisture is 
being dissipated appear to leave a chemical imprint 
on the soil. Capillary movement of moisture when 
.stresses are greater than 1 bar results in progressive de­ 
crease in soluble-cation concentrations in the direction 
of moisture movements. Soluble-salt concentrations in­ 
crease at the forward extremities of capillary move­ 
ment, where moisture moves in extremely thin films 
through a drying environment.

Effects of desert vegetation on moisture stress

In a study of energy relations under and adjacent to 
riparian vegetation in Arizona, R. F. Miller and I. S. 
McQueen found that during the spring dry period, total 
moisture-stress gradients are greater in the open spaces
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between mesquite and cottonwood trees than under the 
trees. The relation is reversed under and between salt- 
cedar, and the reversal is interpreted as being due to 
increased osmotic stress resulting from salts exuded 
from the leaves of saltcedar. It was found also that the 
moisture that accumulates above abrupt changes in tex­ 
ture interferes with the formation of continuous mois­ 
ture-stress gradients that could transport water directly 
from the water table to the soil surface. The capillary 
fringe is lower under trees than adjacent to them, prob­ 
ably because trees make use of water from the capillary 
fringe. 
Deep depletion of soil moisture by grasses

Investigations by R. C. Culler, R. M. Myrick, and M. 
R. Collings of soil moisture on the Fort Apache Indian 
Reservation, Ariz., have shown that in a grassland, soil- 
moisture can be depleted to depths of 6.5 feet through 
evapotranspiration during a summer, including the loss 
by "breathing" mentioned by Stallman and others (p. 
A163). The tendency to deplete soil moisture from 
lower levels seems to be a characteristic of shallow- 
rooted vegetation as well as of tree-type vegetation.

Change in moisture content of zone of aeration during 
water-table declines

Measurements by A. O. Waananen with a neutron soil- 
moisture meter before and after removal of water from 
evapotranspirometer tanks indicate that the principal 
changes in water content occur in the part of the zone 
of aeration above the saturated portion of the capillary 
fringe. Dewatering takes place as the capillary fringe 
declines with the drop in water level. This suggests 
that study of yields to streams from flood-plain deposits 
should cover characteristics of the materials above the 
capillary fringe, as well as those in the zone of water- 
table fluctuation.

Evapotranspirometer experiments

Measurements of water use by various types of vegeta­ 
tion and under different climatic conditions were con­ 
tinued during 1963. Evapotranspirometers, which are 
large soil-filled tanks, were used by three groups of 
investigators.

Near Yuma, Ariz., C. C. MacDonald and G. H. 
Hughes (2-63) experienced considerable difficulty in 
establishing in tanks vegetation typical of the lower 
Colorado River flood plain. Excessive salinity was 
found to be a major cause, requiring a program of 
leaching that will be continued between growing sea­ 
sons. Data for the last 8 months of 1962 are provisional 
but indicate that cattail (Typha latifolia) uses more 
water (about 12 inches per month) than is evaporated 
from a Weather Bureau class A pan (about 10.6 inches 
per month). In contrast, 0.6 inches per month was lost

by evaporation from bare soil with the water table at a 
depth of 3 feet, and 5 inches evaporated per month from 
a tank in which water was ponded above the soil surface.

T. E. A. van Hylckama (1-62) using tanks in which 
saltcedar (Tamariae pentrandra) had grown for 3 years 
near Buckeye, Ariz., found a variation of water use with 
depth to artificially maintained water tables. With 
water at a depth of 4 feet, 60 inches are used annually; 
at 5 feet, the use was 48 inches, and at 9 feet, about 42 
inches annually.

T. W. Robinson, in compatring evapotranspiration by 
willows with losses from bare ground in the Humboldt 
River valley, Nevada, found that during 1962, willows 
lost 4.1 feet of water (including 1.36 inches precipita­ 
tion) , whereas bare soil lost 0.5 feet, also including pre­ 
cipitation. On three separate occasions, water use 
dropped in late summer when potential evapotran­ 
spiration is higher than in early summer. Robinson 
found that on at least one occasion the drop was due to 
cumulative boron poisoning, which developed in a tank 
over three growing seasons.

A 50-percent drop in water use by saltcedar in tanks 
in late .summer coinciding with a remarkable decrease 
in growth rate was reported by T. E. van Hylckama. 
He is investigating the possibility that this drop is 
partly due to a lack of carbon dioxide available to salt- 
cedar fronds because of the great density of the vegeta­ 
tion.

Rapid depletion of moisture in the root zone may be 
another reason for the drop in water use. A. O. Waan­ 
anen considers this the case in soil-moisture observations 
made with a neutron-scattering meter near Menlo Park, 
Calif. Evapotranspiration by natural vegetation de­ 
creased from 0.02 feet per day in March to one-tenth of 
this in late summer.

SEDIMENTATION

Sedimentation involves the many complex and varied 
aspects of the erosion, transportation, and deposition of 
sediments. Current research can be classed in four prin­ 
cipal groups: (1) the effects of cultural changes on 
sediment yield, (2) accumulation of sediment in reser­ 
voirs, (3) studies of sediment transport, and (4) deposi­ 
tion and erosion. In addition, the U.S. Geological 
Survey this year published an annotated bibliography 
on hydrology and sedimentation compiled by H. C. 
Riggs (1-62) for the years 1955-58. The suspended- 
sediment concentration and grain-size distribution of 
samples collected in the Survey's sediment sampling 
program are reported in the Water-Supply Paper series 
"Quality of Surface Waters of the United States." F. 
H. Rainwater (1-62) compiled a summary of sediment 
concentration in the rivers of the United States, which
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formed part of a series of three maps of composition of 
stream waters.

EFFECT OF CULTURAL CHANGES ON 
SEDIMENT YIELD

Cultural changes, such as road construction and land 
leveling to accommodate urban growth; strip mining; 
and grazing can greatly alter the sediment regime of a 
river basin. Depending on the type of activity, the sedi­ 
ment yield may increase or decrease. Most changes 
result in increases in load, which commonly leads to 
problems downstream such as reduction in channel 
capacity due to siltation, shoaling of navigable channels, 
and excessive costs in processing water for municipal 
and industrial supplies.

Urbanization

In the Washington, D.C., suburban area, H. P. Guy 
reports that from July 1957 to April 1962, when 89 new 
houses were built on 201/£ acres near Kensington, Md., 
4,000 tons of sediment was eroded from the building 
area. This is an average of 45 tons of sediment per 
building site, or 195 tons per acre. Measurements of 
sediment discharge in the Potomac Kiver and its tribu­ 
taries by J. W. Wark and F. J. Keller indicate that 
heavily forested areas have annual sediment yields of 
as little as 20 tons per square mile, whereas subbasins in 
the Washington, D.C., area undergoing urbanization 
have yields as high as 2,300 tons per square mile. 
Similar conclusions with regard to the effects of urban­ 
ization were drawn by F. J. Keller (1-62) and D. H. 
Carpenter on the basis of measurements of suspended- 
sediment concentrations in the Northwest Branch Ana- 
costia River, Md., and by J. E. George (1-63) from 
suspended-sediment measurements made in the Stony 
Brook basin at Princeton, N. J.

Strip mining

Weathering and erosion of spoil banks formed in 
strip mining of coal have greatly increased the sus­ 
pended-sediment discharge of Cane Branch in Mc- 
Creary County, Ky., according to C. R. Collier and 
J. J. Musser. Mining ending in June 1956 disturbed 
6 percent of the Cane Branch drainage, basin, and sedi­ 
ment concentrations in Cane Branch averaged 4,800 
ppm from June 1956 to June 1959. Renewed mining in 
1959 disturbed an additional 4 percent of the drainage 
basin and caused the mean sediment concentration of 
Cane Branch to increase to 20,000 ppm during July, 
August, and September. After mining ceased the mean 
sediment concentration decreased to 4,700 ppm from 
October 1959 to September 1960 or to about the same 
level as before the 1959 mining. Suspended sediment

loads in Cane Branch are far in excess of those in nearby 
Helton Branch, which has not been affected by mining.

Soil-conservation measures
In contrast with the higher rates of erosion caused by 

urbanization and strip mining, B. L. Jones found that 
the suspended-sediment discharge from Corey Creek in 
northern Pennsylvania decreased about 30 percent be­ 
tween 1954 and 1960 as a result of the conservation 
measures applied to this 12.2-square-mile drainage 
basin.

Grazing

In the arid and semiarid Western States, grazing has 
greatly altered the sediment regime in many basins. 
In a study of the effects of grazing exclusion in the 
Badger Wash basin, western Colorado, G. C. Lusby 
found that, although the density and character of vege­ 
tation in small fenced drainage basins have not changed 
significantly, both runoff and sediment yield are re­ 
duced in the fenced basins. In grazed or unfenced 
drainage basins, during the early spring when soils are 
loosened by frost action, trampling by livestock causes 
compaction of the soil, which results in higher runoff 
and sediment yields front the grazed drainage basins.

Lusby also reports that annual runoff from the steeper 
highly dissected areas of shaly soils at Badger Wash is 
about the same as that from the gentler, less dissected 
areas of sandy soil. This difference is caused by loosen­ 
ing of the soil by frost heaving, which is most pro­ 
nounced in the shaly soils. Sediment yields, however, 
are greater from the shaly areas.

SEDIMENT ACCUMULATION IN RESERVOIRS
Reduction in storage capacity by siltation is a serious 

problem in all water-storage reservoirs, and is especially 
serious in dry climates where sediment loads are high.

In an investigation of channel and flood-plain aggra­ 
dation along Polacca Wash in northeastern Arizona, 
R. F. Hadley found that 8 percent of the sediment de­ 
posited behind conservation dams is located above spill­ 
way elevation, and aggradation occurs at elevations up 
to 13 feet above the spillways of these structures. Pres­ 
ent channel gradients on the sediment deposits range 
from 0.0005 feet per foot to 0.0037 feet per foot, whereas 
the gradient of these channels prior to dam construction 
ranged from 0.0040 feet per foot to 0.0058 feet per foot.

S. A. Schumm has used data collected during reser­ 
voir sediment surveys to compare modern rates of de­ 
nudation with modern rates of mountain building. In 
general, uplift occurs at a rate about 8 times greater 
than denudation. Consideration of this disparity be­ 
tween orogeny and denudation suggests that time-inde-
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pendent landforms will not develop and that isostatic 
adjustment to denudation will occur episodically.

H. V. Peterson (1-62) has published a compilation 
of sediment accumulation rates in 200 small reservoirs 
in the Missouri River, Colorado River, and Rio Grande 
drainage basins.

SEDIMENT TRANSPORT

Dispersion of bed material and suspended sediment

D. W. Hubbell and W. W. Sayre have used radio­ 
active tracers to study the dispersion of bed material 
instantaneously released from a line source extending 
across a channel. The distribution of particles down­ 
stream from the source at various times can be pre­ 
dicted accurately with a mixed-probability distribution 
function. The sediment distributions are initially 
highly skewed in an upstream direction but approach a 
normal distribution as time increases. In contrast with 
the dispersion of bed material, the dispersion of a very 
fine suspended sediment (bentonite) is generally the 
same as that of the fluid and produces a distribution 
from an instantaneously released plane source that is 
skewed in the downstream direction.

Increase in sediment load precedes breakup of ice dam 
in Alaska

Larry S. Leveen reports a marked increase in sus­ 
pended sediment downstream from the ice dam at Lake 
George, Alaska, about 10 days before the annual break­ 
up of the dam. He suggests that the time of the well- 
known breakup can be predicted with some accuracy 
by this observation.

Effect of suspended sediments on form resistance

C. F. Nordin, Jr. (1-63), has concluded that the form 
resistance in a reach of the Rio Grande near Bernalillo, 
N. Mex., is reasonably described by the Einstein bar 
resistance curve. He has also concluded that high sus­ 
pended-sediment concentrations due to tributary inflow 
have no measurable effect on resistance coefficients, al­ 
though there may be large changes in bed-material 
characteristics.

Effect of temperature on suspended load

R. K. Fahnestock has found that the depth of flow in 
the Rio Grande near El Paso, Tex., may vary as much 
as l 1/^ feet for comparable discharge depending on 
water temperature, which ranges from 50 °F. in March 
to 80°F. in August. Warming reduces the viscosity of 
the water, which reduces sediment transport, and in­ 
creases the size of bed dunes. This causes increased re­ 
sistance to flow and increased stages for comparable 
discharge.

Gradation of bed material affects sediment transport

In laboratory experiments, D. B. Simons, E. V. Rich­ 
ardson, W. L. Haushild, and H. P. Guy have determined 
that the gradation of bed material significantly affects 
the form of bed roughness, resistance to flow, and sedi­ 
ment transport in sand-bed channels. In addition, two 
separate methods of determining bed-material discharge 
have been developed, and a method of estimating aver­ 
age velocity of flow in alluvial channels has been de­ 
veloped by correcting for the separation zones down­ 
stream from the bed forms.

Computing sediment load from flow-duration curves

In continuing studies of techniques for calculating 
sediment movement in rivers, J. R. George and B. L. 
Jones have developed a method of computing average 
annual suspended-sediment load for eastern streams 
using flow-duration curves and relatively few 
suspended-sediment discharge measurements. They re­ 
port that comparison of computed versus measured 
annual sediment loads produced results favorable for 
design purposes.

Clay minerals in streams of the United States

In a survey of the sediments transported by some 30 
streams in various parts of the conterminous United 
States, Vance Kennedy has found that in the Eastern 
United States the most common clay minerals in streams 
are kaolinite, illite, and dioctahedral vermiculite, but 
that west of the Mississippi River, montmorillonite, 
illite, or mixed-layer montmorillonite-illite predomi­ 
nate. These differences are believed due partly to 
differences in climate.

Sediment load of Kansas streams

According to C. D. Albert and J. C. Mundorff, highest 
sediment yields in Kansas are from areas of low to 
intermediate runoff in loess and glacial-till terrain 
rather than from areas of greatest annual runoff. The 
highest weighted suspended-sediment concentrations of 
major streams in Kansas are in the Cimarron River in 
southwestern Kansas and in parts of the Republican 
River system in northwestern Kansas; both drainage 
basins have very low runoff and are underlain by silty 
deposits of Pleistocene or Tertiary age. Although 
southeastern Kansas streams have mean flows in cubic 
feet per second per square mile as much as 100 times 
greater than the western streams, their sediment con­ 
centrations generally are much lower. Because the run­ 
off differences are proportionally much greater than the 
concentration differences, the southeastern streams yield 
more suspended sediment than the western streams.
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Sediment load before logging in Oregon

Investigations are in progress in the Alsea Eiver 
watershed in the Coast Eange of Oregon to determine 
sedimentation and hydrologic conditions in forested 
drainage basins under natural conditions, under differ­ 
ent timber-harvesting methods, and during the recovery 
phase of the watershed after the timber harvest. E. C. 
Williams in an evaluation of the prelogging phase 
found that about 95 percent of the rainfall and runoff 
occurs from October to May and almost 100 percent of 
the suspended-sediment discharge occurs during that 
period. In the 1960 water year, 23 percent of the 
annual suspended-sediment discharge occurred in 1 day, 
58 percent during the 10 days of greatest flow, and 78 
percent during the 38 days of greatest flow.

EROSION AND DEPOSITION

Formation and erosion of armored channel beds, New 
Mexico

In an investigation of channel erosion in the Eio 
Puerco, N. Mex., C. F. Nordin, Jr., found that channel 
aggradation, armoring of the bed with fine clay, and 
subsequent headcutting appear to follow a recurring 
natural cycle. Channel armoring occurs by deposition 
rather than by infiltration, and movement of the head- 
cut in the armored layer is a function of the duration of 
low and intermediate flows rather than of peak dis­ 
charge or total volume of flow.

Origin of clay balls
Studies of clay balls in the Eio Puerco near Bernardo, 

N. Mex., by L. H. Wagner show two possible modes of 
formation. In one, large masses of plastic clay soil are 
delivered to the river by bank caving, and assume a 
spherical form when rolled. In the other, clay-layer 
polygons soften and are rounded by rolling. Clay balls 
increase in size by passing over sand and gravel which 
adheres to the clay mass.

Channel stability and debris loads
Preliminary observations by K. E. Fahnestock of 

valley-train processes on White Eiver, Mt. Eainier, 
Wash., suggest that the farther a reach is from the 
debris source the more stable it is. This tendency to­ 
ward stability occurs in spite of the increase in dis­ 
charge due to contributions of clear-water tributaries, 
suggesting a cause-and-effect relation between debris 
transport and bank instability. Fahnestock also re­ 
ports that there appears to be a correlation between 
channel width and stability along the Wynoochee Eiver 
on the Olympic Peninsula of Washington. Narrow 
stable channels pass quantities of gravel which appear 
to cause bar formation and bank erosion in wider 
reaches both downstream and upstream from the narrow 
reach.
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Scarcity of granule-size material in sediments

L. K. Lustig (Art. 93) found that the granule size 
class (1-4 mm) is abundant in clastic sediments in Deep 
Springs Valley, Calif. About 80 percent of the gran­ 
ules are polymineralic rock fragments. He attributes 
the scarcity of granules in rivers and in most ancient as 
well as recent sediments to the rapid breakdown of the 
granules into their component sand-size grains during 
transport. A hydraulic explanation for the absence 
of granules in sediments is therefore unnecessary.

Competence of transport on alluvial fans
In a companion study in Deep Springs Valley, Calif., 

Lustig (Art. 92) estimated the competence of transport 
on alluvial fans by means of a field approximation 
based on maximum particle size and slope. Plotting of 
isopleths of these values on a map shows inferred paths 
of sediment transport.

W. B. Bull (1-63) reported that deposition of al­ 
luvial-fan deposits on the west side of the San Joaquin 
Valley, Calif., is caused mainly by decrease in depth 
and velocity of flow resulting from increase in width 
as a flow spreads out on a fan. Loss of water to dry 
surface materials also is an important control of com­ 
petence. Decrease in slope is not an important factor 
because most of the streams show no change in slope 
where the stream enters the valley.

Experimental deformation of unconsolidated materials

Laboratory studies on deformation in unconsolidated 
sediment by E. D. McKee, M. A. Eeynolds, and C. H. 
Baker, Jr. (2-62), showed that stratification in uncon­ 
solidated sediment may be contorted in a variety of 
ways, depending largely on the type of material in­ 
volved and on the physical process causing deforma­ 
tion. In a series of experiments, sand responded very 
differently than did mud. Sand that was saturated or 
immersed in water behaved unlike that which was 
merely wet or was dry. Deformation from gravity 
slumping differed from that caused by vertical loading, 
pushing with lateral force, or dragging by an over­ 
riding force.

In other laboratory experiments the same workers 
(1-62) were able to produce intraformational recum­ 
bent folding by pushing with lateral force and by 
dragging with an overriding force. Other processes 
failed to develop this structure. Differences in axial 
trend differed with the position of water level; differ­ 
ences in the shape of folds seemed to be controlled by 
the rate of deformation. Intraformational recumbent 
folds have been recognized in sandstones of various 
ages, notably among strata considered to be of fluviatile 
origin. Eecurrent floods forcing masses of sediment 
across newly formed foreset beds probably account for 
most examples.
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Effect of base-level rise on bedding development

In flume experiments on the effect of a moderately 
rapidly rising base level on the development of bedding 
in a ripple or dune environment, A. V. Jopling (Art. 
56) found that the system adjusts by aggrading the 
'bed toward a new profile graded to the new 'base level. 
The configuration of the bed is continually remolded 
as successive ripples or dunes override and partly as­ 
similate their predecessors. The bedding developed 
is irregular, undulose, lenticular, trough-shaped, or 
festoonlike.

Contrast in skewness of bed and bank sediments

Preliminary results of a study of the effect of sedi­ 
ment characteristics on fluvial morphology indicate that 
for alluvial rivers of the Great Plains the grain-size 
distribution curves of bed and bank sediments are 
generally skewed in opposite directions. K. W. Lichty 
reports that 'bank samples are generally skewed toward 
the fine-sediment fraction. The absence of a tail of 
course sediments in the banks is related to the com­ 
petency of the transporting medium and may indicate 
the upper size limit of sediment carried in suspension 
at discharges associated with bankfull stage. The 
grain-size distribution curves of bed material are gen­ 
erally skewed toward the coarse sediment, probably 
because the fine sediment is winnowed out of the bed 
and transported as wash load.

Sedimentation in 'Mammoth Cave, Ky.

Observations of changes along Echo Kiver in Mam­ 
moth Cave, Ky., by K. F. Flint and C. K. Collier be­ 
tween October 1959 and August 1961 indicate that the 
higher less-frequent floods tend to deepen the channels 
of Echo Kiver, whereas the lower more-frequent floods 
tend to fill these same channels. In higher passages 
that are above water except during floods, deposition 
generally occurs regardless of flood magnitude.

Paleowind directions in longitudinal dunes

Dissection of a Libyan seif dune led E. D. McKee 
and G. C. Tibbetts 10S to conclude that longitudinal or 
seif dunes, characteristic of some of the world's great 
sand deserts, have crossbedding structures that dip at 
right angles to the dune crest, but not to the wind 
directions. The crossbed structures thus fall in two 
groups with dominant dip directions about 180° apart. 
In sandstones formed from ancient dunes, therefore, 
it is possible to distinguish seif dunes from other types, 
and to determine paleowind directions from them.

10" McKee, B. D., and Tibbetts, G. C., 1963, Primary structures of a 
seif dune and associated deposits ID Libya: Jour. Sed. Petrology. 
[In press]

LIMNOLOGY

Limnological investigations by the U.S. Geological 
Survey comprise studies of the biological and physical 
controls of the physical and chemical quality of water 
in lakes and other bodies of ponded water. Present in­ 
vestigations are concerned chiefly with changes in the 
dissolved-mineral content of water and formation of 
mineral precipitates through organic activity, thermal 
and density stratification of water in reservoirs and the 
effects of thermal changes on organic activity, and 
laboratory studies of organic systems in water.

Changes in water quality related to organic activity

Changes in water quality resulting from accumula­ 
tion of tree leaves in marginal pools during the autumn 
low-flow period were studied by K. V. Slack in the 
Cacapon Kiver, W. Va. Water color increased as leaf 
litter decomposed, and the concentrations of aluminum, 
nickel, iron, manganese, alkalies, and carbon dioxide 
were significantly higher in leaf-filled pools than in 
the clear flowing river water. Dissolved oxygen de­ 
creased as water color increased. Abnormally low 
calcium concentration in one isolated pool may have 
resulted from ground water discharge into the pool, 
base exchange with leaf organic matter, or utilization 
of calcium by snails in shell formation.

Changes in water quality in subterranean channels

K. V. Slack found significant changes in composition 
of water of Gandy Creek, W. Va., where it flows for 
about 3,000 feet through a cave. When sampled in 
October the temperature of the inflow was 57° F and 
of the outflow 48.5° F. The outflow contained higher 
solute concentrations than the inflow; bicarbonate in­ 
creased from 21 to 38 ppm, specific conductance from 
45 to 75 micromhos, calcium from 6.8 to 12 ppm, and 
total dissolved solids from 30 to 39 ppm. Increased 
concentrations in the outflow may result from addition 
of high-bicarbonate ground water, or from solution 
of limestone due to increases in the carbon dioxide in 
solution. Increase in carbon dioxide can be accounted 
for by lower water temperature and by organic de­ 
composition in the cave without concurrent uptake of 
the gas by photosynthetic plants.

Depletion of silica by diatoms in Upper Klamath Lake, 
Oreg.

Studies by K. J. Madison of the quality of water 
flowing into and out of Upper Klamath Lake, Oreg., 
indicate that diatoms may at times remove more than 
95 percent of the silica from the lake water. The Wil- 
liamson River contributes about 85 percent of the total 
inflow to the lake. Silica concentrations in quarterly
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water samples from the Williamson Kiver ranged from 
29 to 37 ppm during the 1962 water year. Similar 
samples of lake water at its outlet ranged from 32 to 
46 ppm except for the June 4,1962 collection. On that 
date a diatom bloom was observed in the lake, and the 
silica concentration of outlet water was reduced to 1.5 
ppm. Silica measured 30 ppm in the Williamson Kiver. 
Concentrations of silica increased downstream from 
the Klamath Lake outlet as a result of inflow from 
tributaries and irrigation return.

Aquatic plants remove lead from solutions

Experiments by E. T. Oborn (Art. 118) showed that 
common water-rooted aquatic plants and bacteria re­ 
move lead from very dilute solutions. The amount of 
lead extracted from water is approximately propor­ 
tional to the plant surface area in contact with the 
water.

Role of natural antibiotics in aseptic organic muds

A paper given at the International Limnological 
Congress in Madison, Wisconsin (August 1962), docu­ 
mented the accumulation of practically aseptic organic 
mud high in protein and vitamin-B12 content in parts 
of Lake Victoria in central Africa. This led W. H. 
Bradley to propose the theory that such aseptic organic 
muds accumulate only in water shallow enough, or 
clear enough, to permit certain algae and (or) photo- 
synthetic bacteria to grow on or very close to the sur­ 
face of the mud. It is known that certain algae and 
free-living bacteria produce vitamin B12 and toxins 
or antibiotics that protect them, while living, from 
attack by destructive bacteria and fungi. The theory 
postulates that the algae and (or) bacteria living on 
or close to the organic-mud surface provide an aseptic 
environment that protects the accumulating organic 
mud from decay. Such a mechanism would account 
for the beautifully preserved microorganisms found 
as fossils in certain rich oil shales and also would ex­ 
plain certain oil shales that are known from geologic 
evidence to have accumulated in shallow water.

Fixing of calcium carbonate by bacteria

E. T. Oborn has found that a grain-negative bac­ 
terium tentatively identified as Bacterium precipitatum 
Kalin is associated with mineral matter, mostly calcite, 
deposited on sago pond weed (Potamogeton pectinatus 
L.). The deposit obtained from specimens of this plant 
growing in a Phoenix, Ariz., irrigation canal was about 
12 percent of the total dry weight. The symbiotic 
association of plants and microorganisms may be an 
important factor in biochemical removal of dissolved 
mineral matter from lakes and rivers.

Experiments in photosynthetic oxygen production

Preliminary tests with the standard light-and-dark- 
bottle method for estimating photosynthetic oxygen 
production showed that temperature differences be­ 
tween the two bottles may result from a greenhouse 
effect. When clear and blackened BOD (biological 
oxygen demand) bottles were exposed under the surface 
of flowing water for 1 hour on a sunny day, K. V. Slack 
observed 0.5°C increase in temperature of the clear 
bottle over that of the stream or the blackened bottle. 
Increased rates of respiration and photosynthesis may 
result from higher clear-bottle temperature and may 
lead to erroneous interpretation of data.

Solute concentration in Lake Abert, Oreg.

In a study of Lake Abert, a saline closed-basin lake 
in south-central Oregon, A. S. Van Denburgh found 
that concentrations of all major solutes except silica 
and orthophosphate vary inversely with lake volume. 
Sodium, potassium, carbonate-bicarbonate, sulf ate, and 
chloride maintained constant relative proportions over 
a range of dissolved solids from about 40,000 ppm to 
75,000 ppm during the period April 1961 to December 
1962. Anomalous variations in concentrations of silica 
and orthophosphate are probably controlled by biologic 
activity. In .the case of silica, changes in solubility 
with changing dissolved-solids content and water tem­ 
perature also may account for variations in concentra­ 
tion. The most abundant constituents in Lake Abert 
are sodium, carbonate, and chloride. Estimated maxi­ 
mum values for less abundant solutes are: silica, 210 
ppm; fluoride, 10 ppm,; bromide, 125 ppm; orthophos­ 
phate, 105 ppm; and boron, 105 ppm.

Thermal stratification in lakes in northern Alabama

Thermal surveys of Inland Lake, Sjlacauga Keser- 
voir, Tuscaloosa County Lake, and Walker County 
Lake in north-central Alabama reveal a characteristic 
annual pattern of thermal stratification in deep, rela­ 
tively static impoundments, according to L. B. Peirce. 
Thermal stratification begins in March and reaches its 
maximum, development in August and September. By 
early December, vertical mixing by convection destroys 
temperature gradients and the reservoirs are nearly 
isothermal. This condition continues, with further cool­ 
ing of the entire water body, until spring. Surface 
temperatures range from 40° to 95°F annually; at 
depths of 80 feet or greater, a much smaller range was 
observed, from 44° to 50° F. Lay Lake, a hydroelectric- 
power reservoir on the Coosa River in the same area, 
exhibits a similar annual pattern of stratification but 
with temperature gradients reduced by inflow and tur­ 
bulent mixing. The annual range of surface tempera-
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ture in Lay Lake was about the same as in Inland Lake, 
but at the 50-foot depth in Lay Lake the temperature 
range was more than three times that of Inland Lake.

Stratification in Texas reservoirs

Keservoir studies in the Brazos Kiver basin, Texas, 
by H. B. Mendieta and J. F. Blakey demonstrated 
density stratification in Whitney and Possum Kingdom 
Reservoirs but not in Belton Reservoir. These results 
are partly explained by the relation between inflow 
rate and dissolved-solids content of inflowing waters. 
Belton Reservoir, holding water of excellent quality, 
shows only minor changes in dissolved-solids concen­ 
tration from low to high rates of inflow. In this study, 
dissolved-solids concentration of inflow to Whitney 
Reservoir varied from 700 to 1,440 ppm and in Possum 
Kingdom Reservoir the range was 850 to 4,200 ppm. 
The temperature of inflow water affects stratification 
and mixing in these reservoirs, but density stratifica­ 
tion is caused mainly by salinity variations. In Possum 
Kingdom Reservoir, for example, one series of chloride 
determinations showed 520 ppm at the surface and 760 
ppm at a depth of 90 feet. Reservoirs of this type may 
allow high-quality water to pass over spillways during 
floods, while retaining more saline water near the 
bottom.

Effect of thermal loading on dissolved oxygen

F. E. Clarke and K. V. Slack studied the dissolved 
oxygen in the West Branch Susquehanna River. They 
noted that thermal loading through use of the river 
for cooling at the Shawville, Pa., steam-electric power- 
plant caused marked changes in the oxygen regime. 
At the station below the powerplant, the water tem­ 
perature was an average of 13 °C higher owing to the 
discharge of warm water. The river, which is acid 
from strip-mine drainage, was supersaturated with dis­ 
solved oxygen at all times below the powerplant and 
during most of the daylight hours above the plant. 
There was a moderate decrease in oxygen concentration 
at night above the plant. The oxygen concentration 
was always lower below the plant, owing to lower solu­ 
bility of gases in warm water. The high dissolved- 
oxygen values probably are due to (1) shallow depth, 
which favors atmospheric reaeration, (2) slow oxygen 
utilization by decomposable organic matter owing to 
the acidity of the water, and (3) oxygen production 
by riverbed plants.

GEOMORPHOLOGY
Geomorphic studies continue to follow recent trends, 

with emphasis on quantitative investigations of streams, 
their channels, and their sediment load; on climatically 
influenced processes such as frost action and mass move­

ment ; and on research relating measurements of proc­ 
esses or combinations of processes to the resultant 
landforms.

Morphology of stream channels

Upstream flood regulation on Sandstone Creek near 
Cheyenne, Okla., since 1950 has resulted in perennial 
streamflow from reservoir seepage, and establishment 
of permanent riparian vegetation. These factors in 
turn have caused the channel shape to change from a 
rectangular to a V profile, as measured by D. L. Berg- 
man and C. W. Sullivan (Art. 97). Other results are 
higher stages during floods, entrenchment of the low- 
flow stage in a narrowed channel, an increase in the size 
of sediment carried along the bed at low-flow stage, in­ 
creased scour, and the formation of small riffles.

Sinuosity of stable river channels of the Great Plains 
is related to the channel shape, and to the percentage 
of silt and clay sized particles in the channel perimeter. 
The more sinuous the river, the deeper the channel and 
the higher the proportion of fine sediment on the channel 
sides, according to S. A. Schumm (1-63) and R. W. 
Lichty.

Comparison of drainage features on topographic maps

E. V. Giusti and W. J. Schneider (1-63) considered 
the problem of using standard topographic maps to 
evaluate stream frequency and other geomorphic vari­ 
ables. On the basis of an analysis of eight different 
map series in the Piedmont province, they developed a 
ratio to convert counts of first-order streams in one 
series to comparable values in any of the other series.

Denudation by solution in the Potomac River basin

H. R. Feltz and J. W. Wark (1-62) in studies of the 
mineral content of precipitation and runoff in the 
Potomac River basin concluded that denudation by solu­ 
tion ranged from 11 to 354 tons per square mile per 
year. Maximum rates were in tributary basins where 
coal is strip mined, and in streams draining limestone 
and dolomite.

Geomorphology related to ground water

Karst features in the Madison Limestone in north­ 
western Wyoming apparently formed in two or more 
stages. An ancient period or periods of karst develop­ 
ment is evidenced by several zones of caverns and sink­ 
holes, some of which are filled with old sedimentary 
breccia. A late Pleistocene or Recent episode of karst 
development is evident in Tosi Creek Basin in the south­ 
eastern part of the Gros Ventre Mountains (Art. 34). 
Here W. R. Keefer found a karst topography that 
formed after the disappearance of the Pinedale (or late 
Wisconsin) glacier which filled the basin. He postulates 
that these solution features formed under a cool climate
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melt water and later by runoff which penetrated 
fractures in the limestone and entered ancient karst 
massages below.

Brevity and frost phenomena

Slope orientation plays an important role in the oc- 
jurrence of freezing and thawing during the winter 
nonths, in soil moisture content, and in mass movement, 
is shown by E. F. Hadley on Green Mountain near 
Denver. South-facing slopes experience a freeze-thaw 
jycle almost weekly in the winter, whereas north-facing 
.lopes remain frozen. South-facing slopes have about 
wice as high a soil-moisture content as north-facing 
lopes and are sites of active landslides.

The classic "Cerro Till" in Colorado, mapped as pre- 
Wisconsin drift by Atwood and Mather, has been found 

E. G. Dickenson to be a product of mass movement. 
The movement has been complex, grading from simple 
reep, through earthflow and mudflow, to gravity sliding 
f large blocks. No evidence of pre-Wisconsin glacia- 
ion was found in the area.

In western Colorado, S, A. Schumm finds that creep 
ates on sparsely vegetated hillslopes of Mancos Shale 
ire higher than those in humid regions, and that the 
reep rates are a positive exponential function of slope 
nclination.

Frost action, under a climate colder than the present, 
las apparently created a distinctive sorted pattern in 
he upland soils of the Snake Eiver plain, Idaho, that 
esembles the patterned ground of Arctic regions where 
hese forms are forming today. The patterns, according 
o H. E. Malde and H. A. Powers, consist of polygonal 
letworks enclosing mounds 50 to 60 feet in diameter, 
lie network is made up of a vertically sorted stone 
'avement, and is composed of various materials, includ- 
ng basalt, alluvial-fan gravel, and welded tuff.

The study of the origin, distribution, and age of
ingos in interior Alaska, conducted by G. W. Holmes,

!D. M. Hopkins, and Helen L. Foster (1-63), has shown
bey belong to the "open system" type; that is, they
ormed from ground water moving downslope beneath
 ermafrost to a point where the water lifted the over-
urden and formed a large ice lens and a mound. The
resence of springs on their summits that flow even

luring the coldest winters suggest they may be useful
ndicators of ground water.

The geologic significance of snow avalanches is little 
ppreciated in the United States, although they are one 
f the principal means by which high mountains are 
culptured. Avalanche scars are well developed in the 
Middle Fork of the Kings Eiver in the Sierra Nevada, 

if., as shown by G. H. Davis (1-62). Here many 
f the cliffs have a fluted surface, on which straight 
mooth gullies alternate with rock ribs. Some gullies

are wider at the top than at the bottom, and others 
are branched. The mechanics of scour involves the 
movement of snow which carries abrasive rock debris, 
such as talus. Most of the sculpturing evidently took 
place in the Pleistocene Epoch.

PLANT ECOLOGY

Knowledge of the relation of plants to their environ­ 
ment is essential in many fields of geologic and hydro- 
logic investigations. In most of the world, use of water 
by plants accounts for the consumption of a large part 
of the precipitation. Moreover, plants exercise great 
control over erosion and deposition and are of special 
interest as indicators of concealed rocks, of past climates, 
and of floods. Their role as consumers of water is de­ 
scribed specifically under Evapotranspiration, page 
A163.

Relation of plants to lithology and soil moisture

Relation between the lithology of soil parent material 
and the plants which are characteristic of certain sites 
are being studied by F. A. Branson, E. ,S. Aro, and E. F. 
Miller on a variety of geologic terranes from New 
Mexico to Montana. Several widely distributed plant 
species such as big sagebrush (Artemisia tridentata 
Nutt.), silver sagebrush (Artemisia cana Pursh.), 
needle-and-thread (Stipa comata Trin. and Rupr.), and 
western wheatgrass (Agropyron smithii Eydb.) indi­ 
cate different soil-texture conditions which strongly in­ 
fluence plant-water relations. Examples have been 
found where adjacent but sharply contrasting plant 
communities, which share the same macroclimate, slope, 
and exposure, demonstrate the effect of lithology alone 
on vegetation. Presence or abundance of other plant 
species such as big sagebrush (Artemisia tridentata 
Gray) seem to reflect the combined factors of avail­ 
ability of soil moisture and geochemistry. Along the 
eastern limits of its distribution, flat sagebrush is re­ 
stricted to calcic materials with low soil-moisture stress. 
In certain areas near La Junta, Colo., this species should 
be useful for delineation of the Fort Hays Limestone 
Member of the Ni6brara Formation and similar lime­ 
stone units. In some instances, plants may indicate a 
single geochemical control. For example, winterfat 
(Eurotia lavata (Pursh.) Moq.), a valuable forage 
plant, was found to occur only on calcic soils over a 
large part of its distribution.

Study of pinyon-juniper woodlands and adjacent 
grasslands in Arizona, New Mexico, and Texas by E. 
S. Aro indicates that the distribution patterns of these 
plant communities are controlled by lithology and soil 
development. Where pinyon-juniper woodlands and 
grasslands form an association complex, the woodland 
type usually occupies the rocky sites characterized by
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exposed parent rock material and immature soils, where­ 
as grassland communities occur on the finer textured, 
more fully developed intervallic soils. Location, 
amount, and availability of soil moisture stored in these 
contrasting sites relative to competing root systems ap­ 
pear to be the main ecologic controls. Present work 
is aimed at determining what soil conditions are critical 
for grassland establishment in areas where conversion 
of piny on-juniper woodlands may be proposed.

Significance of tree form and growth in geomorphic 
processes

In dendrohydrologic studies in Hocking County, 
Ohio, conducted in cooperation with G. E. Gilbert of 
the Ohio State University and the Ohio Agricultural 
Experiment Station, R. L. Phipps has found evidence 
suggesting that bent or leaning trees indicate certain 
microclimatic conditions. Over a large area in south­ 
eastern Ohio, most trees growing on slopes in closed 
forest were found to be leaning downslope from the 
vertical, and the degree of leaning appears to be a func­ 
tion of slope steepness and direction of slope exposure. 
The major cause of leaning trees is concluded to be a dif­ 
ference in reception of sunlight between the upslope and 
downslope sides of the tree crowns.

Other causes of bent trees were physical interference 
or growth from stump sprouts. No evidence was found 
to support the widely held theory that leaning or bent 
trees resulted from, soil or slope movement.

Erosion of forested slopes in the White Mountains, 
near Bishop, Calif., has exposed the roots of millenia- 
old bristlecone pines (Pinus aristata). These roots can 
be dated by counting and correlating the annual growth 
rings. Comparison by V. C. LaMarche, Jr., of the 
depth of exposure with the age of the root gives a meas­ 
ure of the rate of erosion. The rate increases with the 
slope angle, reaching a maximum of about 1 foot in 
1,000 years on the steepest (35°) slopes. Local rates of 
denudation have been fairly uniform during the past 
3,000 years (Art. 98).

In the study of botanical evidence of floods and flood- 
plain deposition, R. S. Sigafoos found that the banks of 
part of the Potomac River are defined by the channel- 
ward limit of perennial plants. In humid regions, 
these plants are tree species. Seed germination, estab­ 
lishment of seedlings, and maturation of trees on the 
banks are dependent upon a complex but orderly se­ 
quence of botanical and hydrologic events. Thus, the 
line of trees represent the maximum high water mark of 
the river during extended periods of low flow. Evi­ 
dence in the form of trees on the flood plain of the 
Potomac suggests that vertical erosion and accretion 
are important processes modifying the surface. The 
flood plain consists of alternate erosional and deposi-

tional surfaces at any one time, and tree forms indicate 
a sequence of erosion and deposition at a place through 
time. This results in the temporary storage of al­ 
luvium on flood plains similar to temporary storage 
of alluvium in point bars.

Seasonal growth in relation to hydrologic environment

Plant development, soil moisture, and microclimatic 
measurements were made in 1962 by F. A. Branson, A. 
M. Sturrock, R. F. Miller, and R. S. Aro on residual 
soils on the Ogallala Formation along a thermal gradi­ 
ent from western Nebraska to southeastern New Mexico. 
Progressive plant development within species in early 
May shows a positive relationship with decreasing lati­ 
tude. However, preliminary analyses of the data indi­ 
cate that change in date of anthesis within species along 
the transect is considerably less than would be predicted 
by Hopkins's bioclimatic law. Additional analyses may 
permit a rational revision of Hopkins's law.

Preliminary data analysis by R. L. Phipps, in con­ 
nection with the dendrohydrologic studies in Ohio, sug­ 
gests that the distinction between phenological seasons 
(seasons based on time of such plant phenomena as 
leafing out and leaf fall) corresponds to the time of 
major changes in soil moisture and fluctuations in soil 
water table of the forested area. Furthermore, the time 
of radial growth of trees in the area corresponds with 
these seasons, thus tree-ring growth is more closely re­ 
lated to hydrologic parameters summarized on a pheno- 
logical-season basis than on a monthly or yearly basis.

Tree ages and growth rates on modern glacial moraines

In connection with continuing studies of the modern 
history of alpine glaciers on Mt. Rainier, Wash., by 
R. S. Sigafoos and E. L. Hendricks, D. R. Crandall 
suggested that the trees on lateral moraines are con­ 
siderably older than trees on terminal moraines formed 
by the same advance. Sigafoos and Hendricks found 
additional data confirming this at Emmons and Win- 
throp Glaciers. The ages of the trees on the lateral 
moraines indicate the time when the glaciers start to 
recede, thus the older trees show that the surface of 
up-valley parts of alpine glaciers lowers many years 
before the terminus becomes stagnant.

Analysis of periods of suppressed growth (a series 
of years when trees grow more slowly as indicated by 
ring widths) in older trees growing near the moraines 
shows that a high percentage of trees grow more slowly 
immediately prior to the start of recession of the gla­ 
ciers. Presently available data show only the higher 
percentage of suppressed trees prior to the recession 
that began about 1840. Too few very old trees were 
sampled to develop this relationship for periods prior 
to recessions starting about 1745 and 1635.
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GLACIOLOGY

U.S. Geological Survey personnel are studying exist­ 
ing glaciers in order to learn the hydrologic peculiari­ 
ties of glacier runoff, to understand more about the 
continuing enigma of glacier flow, and to find out how 
a glacier adjusts to its climatic environment. Studies 
of the deposits remaining from past glacier advances 
are lending insight into climates of the past, and are 
providing needed information which is important to the 
fields of ground-water and engineering geology. Re­ 
sults of studies of Pleistocene glacial geology are to 
be found in discussions of Regional Geology, beginning 
on page A71.

South Cascade Glacier, Wash.

Detailed results on net budget, ice flow, and changes 
in ice thickness from 1958 to 1962 of South Cascade 
Glacier in Mount Baker National Forest, Wash., have 
been brought together and analyzed by M. F. Meier and 
W. V. Tangborn. This appears to have been the first 
integrated study of a complete glacier in which the 
changes in the glacier surface profile can be related 
directly to net budget and flow. This study was de­ 
signed, in part, to provide numerical data for the 
development of a theory of the response of glaciers to 
climatic change. Dr. J. F. Nye in England, who has 
just developed such a theory, used the South Cascade 
Glacier results as a test case. In general, the field 
results confirm theoretical predictions; for instance, the 
rate of thinning of the glacier as a function of distance 
kgrees very well with predictions based on analysis of 
cinematic wave velocity and diffusivity. For the first 
time it has been possible to make quantitative state- 
nents about climatic change from direct measurements 
?f changes in the profile of this glacier. As a byproduct 
)f this study, Meier and Tangborn were able to cal­ 
culate the discharge, thickness, and shearing stress on 
;he bed of South Cascade Glacier.

The net budget of South Cascade Glacier in the 
mdget year 1961-62 was slightly positive; an average 
ncrease of 16 cm prevailed over the glacier surface. 
This is somewhat remarkable because the snow ac­ 
cumulation during the winter was less than usual and 
he summer rate of melt was normal. The growth in 
he glacier was due almost entirely to a cool wet spring.
'hese results confirm what glaciologists have long 

luspected that temperature and precipitation in 
pring and fall are of critical importance in determin­ 

ing the net budget of a glacier.

Kinematic-wave studies on Nisqually Glacier, Wash.

The remarkable kinematic wave of Nisqually Glacier, 
Wash., which caused 100-foot changes in ice thickness

and 20-fold changes in ice velocity, seems to defy pres­ 
ent theoretical understanding. Studies by M. F. Meier 
and J. N. Johnson show that the linearized (perturba­ 
tion) theory of kinematic waves as developed by Weert- 
man and Nye, and the theory of glacier slip on bed as 
developed by Weertman, do not apply to the situation 
on Nisqually Glacier.

Recent glacier variations
Recent thinning of South Cascade Glacier has un­ 

covered a bedrock area with numerous tree roots and 
stumps in place. A sample of this wood collected sev­ 
eral years ago by M. F. Meier and E. L. Hendricks has 
recently been found by Meyer Rubin to have a radio­ 
carbon age of 4,700±300 years B. P. Apparently South 
Cascade Glacier has been larger than its present size 
since this early date. This result is unusual because it 
indicates a glacier advance during the period which has 
been called "altithermal" or "climatic optimum" by 
many writers, long before the Little Ice Age.

T. L. Pewe has photographed the fronts of glaciers 
in the McMurdo Sound area, Antarctica, and compared 
these positions with the position of the fronts 50 years 
ago. His studies suggest that the glaciers are in dy­ 
namic equilibrium, which supports similar evidence 
from elsewhere on the continent. Other results from 
Antarctica are given on page A105.

East-west and north-south cross sections of Alaska 
constructed by T. L. Pewe show the present, Wisconsin, 
and Illinoian snowline elevations as computed from 
cirque bases. These indicate that the present and past 
snowlines are low in the south and west but rise con­ 
tinuously to the east toward Canada and to the north 
into the Brooks Range. The elevations of active, well- 
developed solifluction lobes show a similar distribution, 
but are everywhere lower than the snowline elevations.

PERMAFROST

Temperature measurements were continued in several 
areas of Alaska and in northern Canada. The measure­ 
ments covered the permafrost regime in deep wells as 
well as in the active zone overlying permafrost.

In cooperation with the Jacobsen-McGill University 
Arctic Research Expedition, A. H. Lachenbruch and 
G. W. Greene installed a thermistor cable to a depth of 
2,000 feet in the northernmost oil well (dry) in the 
world, recently drilled on Melville Island, N.W.T., 
Canada. Preliminary temperature measurements, ac­ 
curate to about 0.01 °C, indicate that subfreezing 
temperatures extend to a depth of about 1,500 feet the 
greatest measured depth of permafrost in North Amer­ 
ica. At the time of observation, heat from the drilling 
operation had not yet dissipated, so measurements to
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be taken periodically in the next few years are expected 
to show progressively decreasing temperatures and 
"thickening permafrost".

In the Big Delta area, Alaska, preliminary data indi­ 
cate a significant variation in the depth of frost pene­ 
tration due to the time and amount of snowfall relative 
to the onset of low winter temperatures. Observations 
in Alaska by D. B. Krinsley (Art. 38), supplementing 
similar findings in Wisconsin and the U.S.S.R., suggest 
that increases of 1 to 4 inches in the thickness of a 
6-inch snow cover significantly dampen the fluctuation 
of the ambient air temperature.

Studies of ground-water occurrence in permafrost 
areas were made in Alaska in cooperation with the U.S. 
Air Force, and several gallery-type wells have been in­ 
stalled at various places in permafrost areas of Alaska. 
The past year has proven the advantages of this type 
of water-supply installation in certain situations where 
drilled wells are either impractical or yields are too low

for normal use. Certain Air Force installations have 
been provided with year-round water supplies for the 
first time through use of such gallery supply wells.

At an Air Force installation near Bethel, a water 
well was drilled in 1962 through 603 feet of permafrost 
and reached potable water under pressure below perma­ 
frost. Temperature determinations made on the sub- 
permafrost water show it to have a temperature of 
33.2°F. Circulation of warm (57°) water down the 
well and into the aquifer prevents freezing of the well. 
This well has the thickest penetration of permafrost 
of any producing water well in Alaska.

Quality of water observations made in conjunction 
with the ground-water studies by A. J. Feulner and 
R. G. Schupp (Art. 52) show that a gradual but marked 
increase in mineralization of water from shallow sources 
in permafrost occurs during the colder months and a 
rather rapid decline to the level of summer concentra­ 
tion takes place in early spring.
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ANALYTICAL CHEMISTRY

Sulfate and sulfide sulfur in rocks

A method for determining both sulfate and sulfide 
iulfur in rocks was devised by Ann Vlisidis. The 
ample is digested with a 1 percent HC1 solution con­ 

taining CdCl2 and BaCl2 . Calcium sulfate, for example, 
would be transposed and the released sulfate fixed by the 
barium sulfate. At the same time, the H2S released from 
a sulfide decomposable by dilute HC1 is fixed as in- 
oluble CdS, effectively preventing the possibility of 

its oxidation to sulfate. After filtration, the residue 
is fused with Na2CO3 and the melt leached with water. 
The solution is filtered, and barium in the insoluble 
residue is determined. Sulfate sulfur (that transposed 
plus that originally present as barite and not trans­ 
posed) can then be computed. Sulfide sulfur is 
obtained from the difference between total sulfur 
(separately determined) and sulfate sulfur.

Separation of traces of tellurium from iron and gold

Microgram amounts of tellurium can be separated 
from up to 150 mg of iron and 10 mg of gold by an 
extraction procedure developed by C. E. Thompson and 
H. W. Lakin (Art. 44). Iron and gold are extracted as 
thiocyanate complexes from 0.5^ hydrochloric acid by 
a solution of tributylphosphate in ether. Tellurium is 
not extracted if the thiocyanate concentration is not 
excessive.

Studies on the occurrence, distribution, and abun­ 
dance of tellurium have been limited by the lack of- 
sufficiently sensitive analytical methods. Of great im­ 
portance, therefore, is the development by H. W. Lakin 
and C. E. Thompson of a new, extremely sensitive 
method for the quantitative determination of tellur­ 
ium.106 It is based on the induced precipitation of 
elemental gold from a 61V solution of hydrochloric acid 
containing gold chloride, cupric chloride, and hypo- 
phosphorous acid; the amount of gold reduced is pro­ 
portional to the amount of tellurium present. As little 
as 1 nanogram (1X10"9 ) of tellurium gives a meas­ 
urable reaction with 1 mg of gold in 50 ml of solution. 
Use of this method should yield much useful data on 
the abundance of tellurium in geologic materials.

Neutron-activation analysis of fluid inclusions

Edwin Koedder, in cooperation with G. K. Czamanske 
(formerly of Massachusetts Institute of Technology

109 Lakin, H. W., and Thompson, C. E., 1963, Tellurium; a new sensi­ 
tive test: Science, v. 141, no. 3575, p. 42.

and now at the University of Washington) and F. C. 
Burns (Watertown Arsenal) have made the first known 
neutron-activation analyses for heavy metals in fluid 
inclusions.107 Manganese, copper, and zinc were deter­ 
mined on fluids extracted from primary fluid inclusions 
in crystals of fluorite from southern Illinois and in 
quartz from the OH vein at Creede, Colo. Although 
the amounts of each of the metals found were in the 
range of only 1 to 10 /*g, they were far above the limits 
for the methods used, and indicate that relatively large 
concentrations of each of these metals (up to 15 per­ 
cent) were present in solution during trapping. The 
metals must be in solution, because the inclusions con­ 
tained no visible solid phases. 
High-purity lead-salt isolates for isotopic analysis

A simple method for preparing high-purity lead-salt 
isolates for isotopic analysis was developed by J. C. 
Antweiler (Art. 102). Nitric acid and water, both 
readily purifiable, are the only reagents required. 
Lead minerals are first decomposed with hot dilute nitric 
acid. Lead nitrate is then isolated and purified by re­ 
peated precipitation from concentrated nitric acid solu­ 
tion. Only barium and strontium accompany lead. 
The nitrate is readily converted to the iodide, sulfide, or 
other compound suitable for isotopic analysis. 
Tantalum in rocks and minerals

Joseph Dinnin completed the development of a 
method for determining tantalum in rocks and minerals. 
The practical lower limit of detection is 0.2 /tg of tan­ 
talum, thus allowing the determination of a few tenths 
of a part per million of tantalum on a 1-gram sample. 
Niobium and tantalum are isolated together by extrac­ 
tion with methyl isobutyl ketone from HF-HC1 solu­ 
tion and returned to an aqueous phase by stripping 
with dilute H2O2. Following a modification of a re­ 
cently described Eussian procedure,108 tantalum is sepa­ 
rated from niobium by extracting the tantalum fluoride- 
methyl violet complex with benzene from 0.05^ HF, 
and is determined in the benzene phase spectrophoto- 
metrically. Eesults on U.S. Geological Survey stand­ 
ard granite and diabase, G-l and W-l, agree- with 
values obtained by Atkins and Smales,109 who used

107 Czamanske, G. K., Roedder, Edwin, and Burns, P. C., 1963, Neutron 
activation analysis of fluid inclusions for copper, manganese, and zinc: 
Science, v. 140, no. 3565, p. 401-403.

H^Toluetkov, N. S., Kononenko, L. I., and Lauer, R. S., 1958, Extrac­ 
tion-photometric determination of tantalum, boron, indium, and 
rhenium: Jour. Anal. Chemistry U.S.S.R., v. 13, p. 449.

10» Atkins, D. H. F., and Smales, A. A., 1960, -The determination of 
tantalum and tungsten in rocks and meteorites by neutron activation 
analysis: Anal. Chemica Acta, v. 22, p. 462-478.
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neutron-activitation methods. As part of a program 
on the geochemistry of minor elements, tantalum-ni­ 
obium ratios were determined on a number of rocks 
and minerals such as gabbro, biotite, hornblende, mag­ 
netite, sphene, and ilmenite.

Separation of coesite and stishovite

A method based on differential solubility in hydro­ 
fluoric acid was developed by J. J. Fahey (2^63) where­ 
by coesite and stishovite, high-pressure polymorphs of 
silica, are separated and individually recovered from 
rocks which have been subjected to high pressure by 
meteoritic impact (see also p. A129). Stishovite is not 
attacked by concentrated HF at steam-bath tempera­ 
ture and can be separated from coesite, which dissolves 
readily hi this medium. By heating for several hours 
at 900°C., stishovite is converted to silica glass, in which 
form it is soluble in 5 percent HF. Coesite is only 
slowly attacked by 5 percent HF and is obtained as a 
residue.

Apparatus for automic potentiometric titration of chloride

An automatic potentiometric titration apparatus for 
the determination of chloride was assembled by Irving 
May, F. O. Simon, and R. V. Fones. The electrode sys­ 
tem consists of a glass and a silver chloride electrode. 
The potential is amplified with an expanded-scale pH 
meter and is recorded on a small recorder. The titrant 
is delivered with a constant-rate automatic buret. Po­ 
tential calibration is made with a unit consisting of a 
compact decade potentiometer with a stable mercury- 
battery voltage source. Convenient plug-in connectors 
and switches enable the components to be withdrawn 
for use in other instruments. Well-defined titration 
curves are obtained for chloride with 0.005^ silver ni­ 
trate in volumes of 100 ml. The equipment has been 
used for determining the residual chloride content of 
Mohole test borings and is used routinely for determin­ 
ing the chloride content of spring waters.

Synthesis of liebigite

A new procedure for the synthesis of liebigite, 
Ca2UO2 (CO3 ) 3 -10-llH2O, was described by Kobert 
Meyrowitz, D. K. Koss, and A. D. Weeks (Art. 43). The 
liebigite crystals form as a pure phase from an aqueous 
solution at pH 8.0-8.2 containing uranyl nitrate, sodium 
carbonate, and calcium nitrate. Crystals begin to form 
within a few hours and crystallization is completed in 
2 weeks.

In similar procedures with potassium rather than 
sodium carbonate, large amounts of well-formed, green­ 
ish-yellow crystals were obtained alone or together with

liebigite. These crystals are believed to be a new uranyl 
tricarbonate having the formula,

K2Ca3 (UO2) 2 (CO3 ) 6 ' 9-10H2O. 

Synthesis of large crystals of swartzite

Large crystals (3X10 mm) of swartzite, CaMgUO2- 
(CO3 ) 3   12H2O, a rare secondary uranium mineral, can 
be prepared, without the necessity for seeding, by a 
procedure developed by Robert Meyro witz (1-62). The 
crystals form in 2 weeks from a solution of 
Ca(NO3 ) 2 -4H2O and synthetic bayleyite (Mg2UO2- 
(CO3 ) 3 18H2O) where the Ca:Mg mole ratio is 3:4.

OPTICAL SPECTROSCOPY
Quantitative spectrochemical analysis with direct-read­ 

ing equipment

An Ebert convertible spectrograph has been pro­ 
grammed by A. W. Helz to "read" lines for Ba, Sr, Be, 
Cr, Pd, V, Cu, Zr, Y, Sc, Ni, and Co simultaneously. 
Sol Berman is conducting work on these elements. 
Minor changes in the instrument readily adapt it to 
use on special problems such as reading lines for B, 
Pb, Ga, Be, and Li, or for studying Hf and Zr.

Determination of Hf-Zr ratios in zircons

The direct-reading spectrometer in conjunction with 
a controlled atmosphere, d-c arc, and small sample size, 
has been shown by C. L. Waring to be very effective 
for the determination of hafnium percentages and 
hafnium-zirconium ratios in zircons. One-milligram 
samples are burned in a 20-ampere d-c arc for 3 min­ 
utes. A controlled atmosphere of 20 percent oxygen 
and 80 percent argon is used. The Zr 2681.7 A and 
Hf 2738.7 A lines are recorded directly with photo- 
multiplier tubes, and the electrical output is integrated 
over the exposure time. Comparative analyses indi­ 
cated excellent agreement with the results of X-ray 
fluorescence.

Cesium, rubidium, and lithium in tektites

C. S. Annell developed a procedure to determine 
very low concentrations of Cs, Kb, and Li in tektite 
samples. A mixture of 10 mg of the tektite sample 
and 20 mg of K2CO3 is prepared for burning in a d-c 
arc. The following lines are recorded: Cs 8521.1, Kb 
7800.2, Kb 7947.6, and Li 6707.8 A. Standards are 
made from National Bureau of Standards 183 lepidolite 
by diluting with a synthetic tektite matrix. The an­ 
alysis of about 60 tektites indicated cesium concentra­ 
tions between 1 and 10 ppm, Kb, 40 and 150 ppm, and 
Li, 30 and 70 ppm. Interesting correlations relative 
to the tektite strewn fields were suggested by the 
results.
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Percent-constituent printing accessory for a spectropho- 
tometer

Spectrophotometric measurements and the subse­ 
quent calculations have been automated by a percent- 
constituent printing accessory for a spectrophotometer 
designed by L. Shapiro and E. L. Curtis (Art. 103); 
As solutions of different color densities are poured 
through a simple flow-through cell in the spectropho­ 
tometer, the sensitiviey of the spectrophotometer is 
automatically readjusted by a servo-driven 10-turn log- 
wound potentiometer so that percent transmission 
continuously reads 100. The angular rotation of this 
potentiometer is directly proportioned to the change in 
concentration of the colored solutions. A linear poten­ 
tiometer is geared to the log-wound potentiometer and 
serves as a read-out device. A digital-voltmeter- 
printer combination is connected to the linear potenti­ 
ometer, as is also a 45-volt battery. The voltage from 
the battery is adjusted so that the voltmeter reading 
corresponds to the concentration of a known standard 
solution in the flow-through cell. As unknown solu­ 
tions are poured in, the voltmeter-printer combination 
automatically reads and prints the corresponding 
percentage.

Boron in halite and anhydritic halite rocks

F. S. Grimaldi and F. O. Simon (Art. 45) developed 
a rapid direct Spectrophotometric method for deter­ 
mining traces of boron in halite and halite-anhydrite 
mixtures. The lower limit of detection is 0.1 ppm of 
boron with a 1-gram sample. The sample is dissolved 
by fuming with sulfuric acid in an open beaker at a 
sufficiently low temperature to allow reflux action. No 
boron is lost by volatilization. The determination is 
completed spectrophotometrically with dianthrimide. 
Possible losses of boron through volatilization, surface 
adsorption, and polymerization were assessed. When a 
borate solution is evaporated to dryness in etched 
quartzware, boron is irreversibly adsorbed on the sur­ 
face, and apparent low recoveries are obtained. This 
is not observed with smooth quartz. Furthermore, no 
loss takes place with etched quartz as long as the evap­ 
oration is not continued beyond a point where some 
liquid remains (about 0.2 ml).

Spectrochemical determination of mercury at very low 
concentrations

The method of Sergeev for determining spectro- 
chemically very low concentrations of mercury has been 
used by P. Barnett for a study of samples from Ely, 
Nev. The concentration limit of detection is 0.01 ppm. 
In the procedure a specially designed furnace is used 
to volatilize mercury from a 10-gram sample directly 
into a 10-ampere d-c arc.

Comparator for semiquantitative spectrochemical 
analysis

A comparator planned by A. W. Helz and designed 
and built by C. J. Massoni is being used for the semi- 
quantitative analytical services. The estimate of ele­ 
ment concentration is based on a visual comparison of 
sample spectra with reference spectra. The increased 
precision of the comparisons required by the extension 
of the semiquantitative spectrographic procedure to re­ 
porting estimates of element concentrations to % order 
of magnitude emphasized the need for a better compara­ 
tor than those commercially available. Chief objectives 
of the design were high-quality images, X 20 magnifica­ 
tion, and the minimization of visual and physical fatigue 
for the operator.

Direct-current-arc atmosphere control in spectrochemical 
analysis

With the ever-increasing refinements in spectro­ 
chemical analysis, more and varied attempts are being 
made to improve the direct-current arc by control of the 
arc atmosphere. In Geological Survey Bulletin 1084-J 
(1961) two gas jets were described which proved very 
effective for arc control and cyanogen-band depression. 
This type of jet was modified further by A. W. Helz 
for use with a modern inclosed arc stand and standard 
prefabricated electrodes.

X-RAY FLUORESCENCE ANALYSIS

Silicate rocks

The rapid analysis of silicate rocks by X-ray fluores­ 
cence has been put on a routine basis. A method for 
the analysis of the major rock elements Mg, Al, P, Si, 
K, Ca, Fe, Mn, and Ti has been established and pro­ 
grammed for a nine-channel X-ray quantometer which 
permits the simultaneous determination of the above 
elements. The results are comparable in accuracy to 
those obtained by rapid chemical procedures but may 
be obtained much more rapidly with substantially 
smaller samples. The significance of this development 
is the increase in capabilities for handling larger work 
loads with much greater efficiency. Current improve­ 
ments in the procedure by H. J. Eose, Jr., and by L. 
Shapiro and E. L. Curtis (Art. 103) indicate a possi­ 
bility of reducing the sample size requirement from 
about 200 mg to less than 50 mg.

Iron in hemotitic ores
W. W. Niles used X-ray fluorescence spectroscopy to 

determine total iron in hematitic iron ores. The iron 
content of the ore samples ranged from 2 to 45 percent 
with a coefficient of variation of 1.17 percent. A com­ 
parison of results on 10 ores obtained by chemical and
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X-ray spectrographic methods indicated an average 
difference between the two methods of 0.81 percent.

Calcium carbonate, silica, and boric acid are mixed 
with the powdered sample. A pellet prepared from 
such a mixture is used for the X-ray fluorescence meas­ 
urement. Corrections for interference by calcium and 
silicon are easily made.

ELECTRON-MICROPROBE STUDIES

Cosmic particles

There is much interest in the analysis and description 
of "cosmic particles." These particles, 30 microns and 
smaller and weighing as little as 10~12 g, are collected 
from a number of sources such as the upper atmosphere, 
deep-sea sediments, icecaps, and from certain high-alti­ 
tude stations, such as Mount Witthington, N. Mex. 
The electron probe is ideally suited for the analysis of 
these particles. The particles are prepared for study 
with the use of cold-setting epoxy resins and an ultra- 
microtome, such as that normally used in biological 
work. Slices of the cured resin containing particles for 
analysis can be made as thin as %0 of a micron. In 
addition to obtaining a high yield of successfully pre­ 
pared particles by this procedure, it also has been pos­ 
sible to slice through individual particles and determine 
whether they are hollow or solid.

Using the above techniques, R. Larson analyzed five 
particles collected by Prof. Crozier of the New Mexico 
Institute of Mining and Technology from the atmos­ 
phere at Mount Witthington. Four particles contained 
approximately 65 percent iron without detectable Ni, 
Mn, Cr, or Ti probably magnetite. The fifth particle 
was hollow, extremely fragile and could not be prepared 
by this technique. Four magnetic spherules from Ross 
Ice Cap, Antarctica, were also studied. One was 
hollow and contained approximately 65 percent iron. 
Two others had a similar iron content, while the fourth 
particle had in addition small amounts of Ti and Mn 
but no detectable Ni. A conclusion that the particles 
are of terrestial origin is suggested. The work per­ 
formed points up the need for more controlled sample 
collection.

Copper arsenide minerals

An electron-probe study of copper arsenide minerals 
from Michigan, Colorado, and Bolivia by Cynthia Mead 
and I. Adler has resulted in qualitative and quantitative 
chemical analysis of fine intergrowths of a and ft domey- 
kite, algodonite, and koutekite. Use of the electron 
probe for this study has eliminated much conflicting 
information concerning these minerals resulting from 
the inability of conventional chemical methods to detect 
chemical changes in micron-sized areas.

PETROGRAPHIC TECHNIQUES

Minute crystals in the micromicrogram range, oc­ 
curring in fluid inclusions in quartz from a quartz- 
chalcopyrite-molybdenite vein in the Bingham copper 
pit, Utah, have been identified as NaCl by Edwin 
Eoedder. The technique used depends upon their reac­ 
tion with the surrounding brine solution at low tempera­ 
tures to form crystals of the new phase NaC1.2H2O. 
Crystals of NaCl as small as IQr12 g can be identified 
with this procedure.

D. D. Dickey and E. F. Monk have found that special 
procedures are necessary to determine accurately the 
grain density and porosity of zeolite-bearing rocks. 
Powdered samples must be soaked in water 3 or 4 days 
and cores as large as 1 inch in length and 1 inch in 
diameter must be soaked for 20 days (Art. 46).

Very fine grained mineral samples tend to flocculate 
in common heavy liquids, thus preventing gravity sep­ 
arations. However, by repeated short high-speed 
centrifugation, Robert Schoen has been able to obtain 
good concentrations of minerals of sizes of 10 microns 
and above. No gravity separation was obtained of 
5-micron material.

A technique has been developed by Peter O. Sandvik 
of the Geological Survey and Ruperto Laniz of Stan­ 
ford University for preparation of low-relief polished 
sections of minerals of widely different hardness. A 
Syntron vibratory polisher is used with alumina 
abrasives in a water slurry on wax and plastic sufaces. 
Final polish is in two stages requiring l^/2 *° 2 hours" 
total time in which up to 15 sections may be prepared 
simultaneously on a single machine.

A rapid procedure for determining plagioclase has 
been developed by D. C. Noble, using the five-axis 
universal stage. Based on the parameters X to J- (010) 
and Y to -L(010), the method is much faster than the 
Fedorow method and provides the same information.

GEOCHEMICAL PROSPECTING

During the year the Geological Survey has developed 
several geochemical techniques that will be useful in 
the search for new ore deposits. The exploration of a 
large buried intrusive mass near Ruth, Nev., by a 
combination of geologic, geophysical, and geochemioal 
techniques by Brokaw and others (1-62, 2-63) is de­ 
scribed on page A3. The use of variations in the 
isotopic composition of oxygen and carbon in prospect­ 
ing for ore in carbonate rocks, by Lovering and others 
(Art. 1), is discussed on page A6.

Compilation of geochemical prospecting methods

F. N. Ward, H. W. Lakin, F. C. Canney, and others 
(1-63) have prepared a compilation of trace and semi-
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onicroanalytical methods yielding semiquantitative data 
on geologic materials useful in geochemical prospect­ 
ing for ore deposits. Chemical methods for 24 elements 
ire described in sufficient detail to permit use by rela­ 

tively nontechnical persons. These elements are as 
: :ollows: antimony, arsenic, barium, bismuth, chromium, 
cobalt, copper, germanium, iron, lead, manganese, 
mercury, molybdenum, nickel, niobium, phosphorus, 
ilelenium, sulfur, tin, titanium, tungsten, uranium, va­ 
nadium, and zinc. Some of these methods are modifica­ 
tions of methods developed in laboratories abroad; 
others were developed originally in U.S. Geological 
Survey laboratories. A few are modifications of well- 
mown analytical procedures.

Oeochemical mapping in Maine

A geochemical mapping program in west-central 
tylaine under the direction of E. V. Post resulted in 
the collection of 2,300 samples of stream sediment from 
an area of about 5,000 square miles. The data on the 
content of copper, lead, zinc, nickel, and cold-extract- 
able heavy metals of these samples have allowed the 
recognition of six patterns of anomalous metal values. 
r iTiese are, in order of increasing significance to min- 
eral exploration: (1) scattered isolated high copper 
cr heavy-metals values with no apparent relation to 
geology; (2) groups of high heavy-metals values ap­ 
parently related to precipitates of hydrous manganese- 
iron oxides in the stream courses; (3) groups of high 
nickel values related to ultramafic phases of mafic in- 
trasives, and probably indicative of normal abundance 
of nickel in that type of rock; (4) groups of either high 
copper or high heavy-metal values, or both, that are 
associated with stratigraphic units of tuffs, volcanic 
rocks, and mafic dikes and sills; (5) groups of high 
values similar to (4) but peripheral to plutonic rocks 
o : intermediate composition; and (6) groups of high 
copper values and variable heavy-metals values related 
to known copper deposits in schistose felsic volcanic 
rocks of Ordovician( ?) age.

A linor elements in stream waters

Data of especial interest to individuals conducting 
geochemical-prospecting drainage surveys are contained 
in the report by Theobald, Lakin, and Hawkins (1-63) 
on the precipitation of aluminum, iron, and manganese 
ai the junction of Deer Creek with the Snake Elver in 
Summit County, Colo. Their studies on the distribu­ 
tion of minor elements in the stream waters and stream 
sediments illustrate that potentially misleading chem­ 
ical patterns can develop at the confluence of two 
streams with waters of widely dissimilar chemical 
composition.

Neutron-activation and gamma-ray spectrometiy

C. M. Bunker reports that whole-rock samples are 
being analyzed by neutron-activation and gamma-ray 
spectrometry to evaluate the limitations of the tech­ 
nique and to devise methods of making rapid quanti­ 
tative analyses of elements not amenable to other 
techniques. Long-lived elements are particularly 
amenable to this technique. Future work will be 
applied to studies of trace elements related to ore 
deposits.

Portable beryllium detector

A portable beryllium detector with an activating 
gamma source was constructed by W. W. Vaughn. The 
use of this instrument by C. L. Sainsbury aided in a 
beryllium discovery in Alaska. The determination of 
beryllium is based on the photo-neutron reaction 
9Be(y, N) 8Be. ^Sb is used as a y source and a BF3 
proportional counter as a neutron detector.

ANALYSIS OF WATER
Arsenic

G. Stratton and H. C. Whitehead (1-62) developed 
an extremely sensitive and accurate method for the 
determination of arsenic in water. The method, which 
is based on the spectrophotometric measurement of the 
intense red color formed when arsine is bubbled through 
a solution of silver diethyldithiocarbamate dissolved in 
pyridine, is capable of detecting as little as 1 /*g of 
arsenic in 35 ml of sample.

Bromide
A rapid, accurate, and sensitive indirect spectro­ 

photometric method for the determination of trace 
amounts of bromide ion in water has been developed 
by M. J. Fishman and M. W. Skougstad (1-63). 
Bromide ion catalyzes the oxidation of iodine to iodate 
by permanganate in acid solution, the extent of oxi­ 
dation being proportional to bromide concentration for 
a given time and for a given set of conditions of tem­ 
perature, pH, and concentration of reagents. The 
method is applicable to bromide concentrations ranging 
from 1 to 100 /*g per liter and is not subject to inter­ 
ference from most substances normally occurring in 
natural water.

Preparation of water samples for C14 dating

An assessment of the age of water in various parts 
of hydrologic systems is useful in determining both 
the direction and rate of water movement. An ade­ 
quate, yet simple, field procedure for isolating total 
dissolved carbonate species from water to provide sam­ 
ples for C14 dating has been devoloped by H. R. Feltz 
and B. B. Hanshaw. The method provides a convenient
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means for handling the relatively large volumes of 
water frequently needed in order to provide the mini­ 
mum of 3 g of carbon required by the counting lab­ 
oratory. Dissolved carbonate species are liberated by 
the addition of H2SO4, and the evolved gases are col­ 
lected in a NaOH trap by recycling in a closed system. 
Strontium chloride solution is then added to the caustic- 
carbonate solution in the trap, and the resulting 
strontium-carbonate precipitate is filtered, washed, and 
dried in preparation for C14 counting.

Spectrographic methods of analysis for rare alkalies and 
alkaline earths

Methods for emission-spectrographic determination 
of rubidium, cesium, strontium, and barium in water 
samples have been developed by V. H. Stone. Using 
special precipitating agents, sodium tetraphenylboron 
for rubidium and cesium, and potassium rhodizonate 
for strontium and barium, these elements are separated 
from the major constituents usually found in natural 
waters. The collected precipitates are subsequently 
subjected to emission-spectrographic analysis using a 
d-c arc operating in an oxygen atmosphere; lanthanum 
is added as an internal standard. The detection limits 
are 0.'5 /*g for strontium, 1 /*g for barium, 5 /*g for 
rubidium, and 200 /*g for cesium.

Total-sulfur determination by neutron activation

C. H. Wayman demonstrated that total sulfur in 
water can 'be determined by neutron-activitation analy­ 
sis utilizing the S32 (n, p) P32 reaction. Chlorine and 
phosphorus interfere and must be removed prior to 
irradiation. The detection limit is 0.01 ppm of sulfur.

Vanadium

An extremely sensitive catalytic method for the de­ 
termination of vanadium in water has been developed 
by M. J. Fishman. Vanadium concentrations of less 
than 1 /*g per liter can be determined by measuring the 
extent of oxidation of gallic acid by persulf ate ion in 
acid solution, a reaction which is catalyzed by the 
presence of minute amounts of vanadium.

Improved method for chloride and nitrate titration

An improvement in the accuracy and precision of 
routine mercurimetric chloride titrations has been 
achieved by G. F. Scharbro, Jr., who modified a simple 
colorimeter to adapt it for use in spectrophotometric 
titrations. An improved nitrate method has also been 
developed which is not affected by the presence of chlo­ 
ride ion in the sample. Nitrate, after reduction to ni­ 
trite by hydrazine in alkaline solution, is determined 
by measuring the intensity of the color formed in the 
sensitive nitrate-diazotization-coupling reaction with 
nitrate, sulfanilamide, and naphthylethylene diamine.

Nitrite, if present in the original sample, is removed by 
a preliminary extraction with an isoamyl alcohol-car­ 
bon tetrachloride mixture.

Tritium-counting technique
Several gases have been investigated by G. L. 

Stewart and C. M. Hoffman for suitability as quench­ 
ing agents in gas-phase counting systems used to mea­ 
sure tritium in low-level samples. At high hydrogen 
pressures, ethylamine was found to have quench prop­ 
erties superior to toluene, isoprene, diethyl ether, and 
ethylene. At high hydrogen: ethylamine ratios, the 
Greiger plateaus were short with steep slopes, but as 
the ratio decreased the plateaus lengthened and the 
slopes decreased. An optimum counting mixture of 
10:1 hydrogen to ethylamine pressure ratio was found. 
This ratio gave long plateaus of approximately 500 
volts and excellent slope characteristics. Ethylamine 
has the advantage of being a high-vapor-pressure liquid 
(760 mm Hg at 16.6°C), which permits it to be used 
in high-pressure counting mixtures.

Computer program for dissolved-oxygen data

A computer program was developed by F. B. Sower 
,for processing large amounts of data collected in studies 
of organic production of oxygen in water bodies. This 
program is sufficiently flexible to accept all Winkler- 
method data for which sample and aliquot volumes, nor­ 
mality of titrant, sample temperature, and barometric 
pressure are known. The output is in dissolved-oxy­ 
gen concentration and percent saturation at the tem­ 
perature and elevation (pressure) of the sample at sea 
level. Provision is made for deriving solar-radiation 
values in cal per cm2 per min from pyrheliometer read­ 
ings, in millivolts.

Characterization of carboxylic acids in unpolluted 
streams

W. L. Lamar and D. F. Goerlitz (1-63) have de­ 
scribed the separation and identification of carboxylic 
acids in unpolluted surface water. The organic matter 
in each sample was concentrated from 23.5 liters of water 
by continuous liquid-liquid extraction using n-butanol 
as a solvent and (or) by vacuum evaporation at 50°C. 
The carboxylic acids were separated from the other 
organic components by differential solubility and pH. 
The isolated carboxylic acids were separated into two 
groups, steam-volatile acids and the higher boiling acids, 
and analyzed by gas chromatography. Since the latter 
acids are not sufficiently volatile or stable for gas 
chromatographic examination, they were converted into 
methyl esters. Twenty carboxylic acids were isolated 
by gas chromatographic analysis of which 12 were 
identified, namely acetic, adipic, butyric, caproic,
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umaric, lactic, maleic, malonic, oxalic, propionic, 
uccinic, and valeric.

HYDROLOGIC MEASUREMENTS AND 
INSTRUMENTATION

Much progress was made during the year on applica- 
ions of nuclear detectors to measurement of soil 
noisture and movement of ground water. Several new 
r improved instruments and techniques for measuring 
ediment transport were developed. Sensitive instru- 
nents developed for use in other fields were modified 
or application to hydraulic or hydrologic measure- 
aents. Substantial progress was made on automation 
f data collection and analysis.

:adioactivity detector developments

A. O. Waananen used access tubes sealed at the bottom 
nd and inserted in small-diameter ground-water ob- 
ervation wells for observation of moisture content, with 
lie neutron-scattering meter in the zone of water-table 
actuations. Variations in observed moisture content 
f the aquifer between high and low water levels pro- 
ide a measure of the aquifer storage capacity. Cali- 
>ration of the access tube and observation-well casing 
s necessary. Waananen reports optimum results when 
lie observation-well casing is only slightly larger than 
tie access tube and a 10-mg or larger neutron source 
sused.

O. E. Leppanen and T. E. A. van Hylckama investi­ 
gated the accuracy of calibration of neutron-scattering 
soil-moisture meters at a site near Buckeye, Ariz., in 
he summer of 1962. Three 10-foot soil moisture tubes 

e installed, and the ground surrounding 2 tubes was 
oaked for 2 weeks prior to the test to attain a wide 
ange in moisture. Calibration was made by compari­ 

son with core samples taken at 25-cm intervals at 5 
.oles ringing each soil-moisture tube. Because calibra- 
ions for two similar soil-moisture meters showed a high 
legree of linearity, it may be feasible to log by moving 
he probe at constant velocity from top to bottom. The 
,ests also showed the effect of chloride, in the soil water, 
>n the calibration.

Satisfactory test of a combination tracer-ejector probe 
:or determination of the direction and rate of ground- 
fvater flow in a borehole in basalt was reported by D. A. 
Slorris. The probe permits ejection of a radioactive 
racer into ground water in a borehole and detection 
>f the tracer movement with a scintillation crystal in 
he gamma section of the probe.

'ermeameter for measuring directional permeability 
differences

R. R. Bennett has designed a sensitive differential 
>ermeameter for measuring the directional permeability

properties of consolidated porous media. The permea- 
meter is analogous to a wheatstone bridge, in that micro- 
valves form three arms and the porous sample the 
fourth. A highly sensitive pressure transducer meter 
is the null-measuring device. The permeameter has 
passed initial tests.

Fluorescent mineral grains used as tracers in sediment 
movement

Fluorescent wernerite is being used for tracing sedi­ 
ment movement in flume experiments by V. C. Kennedy, 
D. W. Hubbell, and others. The brilliant fluorescence 
of wernerite under longwave ultraviolet radiation per­ 
mits photography of the movement of individual grains 
either in plan or section. Wernerite particles appar­ 
ently mix uniformly with the nonfluorescent grains 
within a short distance from the point of introduction. 
The sediment load may be estimated from samples 
taken downstream from the point of introduction. of 
the tracer, by determining the dilution of tracer grains 
in each size fraction of the samples.

Sediment sampling

B. C. Colby designed a suspended-sediment sampler 
to replace the US P-46 sampler now in general use. 
The new sampler, the US P-61, is more rugged, more 
dependable, less expensive, and simpler to operate and 
maintain than the US P-46 sampler. It is expected 
that more than 100 of the new samplers will be pur­ 
chased and used by Federal agencies in the next few 
years.

G. F. Flammer has developed ultrasonic equipment 
that can measure the size and concentration of sediment 
in samples. Tests of the equipment are being conducted 
to evaluate its use in routine laboratory analysis.

Two devices for aiding in maintaining a constant 
transit rate during depth-integrated sediment sampling 
have been developed by J. V. Skinner and B. C. Colby. 
One device furnishes light flashes at preset intervals 
with which the operator synchronizes revolutions of 
the sampling reel. The second device incorporates a 
tachometer-generator with a voltmeter calibrated to 
indicate transit rate.

Tests of the intermittent-pumping sampler reported 
by H. H. Stevens, Jr., and B. C. Colby (U.S. Geol. Sur­ 
vey Prof. Paper 450-A, p. A123) have shown satis­ 
factory results for suspended sediments of silt and clay 
sizes and are continuing to establish accuracy of sam­ 
pling in the sand sizes.

An investigation of the Texas-type sediment sampler, 
using the U.S. depth-integrating sampler as standard, 
has shown that results are about the same for both 
samplers for streams in which the sediment is more 
than 85 percent silt and clay. C. T. Welborn reports
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that for streams in which the sediment contains more 
than 15 percent sand the Texas-type sampler concen­ 
trations must be corrected by a coefficient greater than 
1 and for streams in which the sediment is 50 percent 
or more sand, the correction coefficient ranges from 1.5 
to 2.0.

New in-place soil-moisture sensor

I. S. McQueen and K. F. Miller are developing a 
sensor for soil-moisture tension in place. A miniature 
sensing unit that is exposed only to the soil atmosphere 
responds to changes in moisture tension over the full 
tension range. The new instrument is expected, to elim­ 
inate shifts in the moisture-tension calibration curve 
caused by salts in the soil solution.

Sensitive transducer detects minute water-level varia­ 
tions

J. A. da Costa and B. J. Bermes have developed a 
highly sensitive transducer for detecting minute varia­ 
tions, caused by seismic waves, in water levels in artesian 
wells. Temperature effects which cause undesirable 
noise at all frequencies have been eliminated without 
the use of electronic filtering devices. Short-period 
atmospheric-pressure fluctuations are minimized by 
electronically subtracting the indications from an iden­ 
tical transducer subjected to only atmospheric-pressure 
variations. The equipment has detected seismic waves 
from several distant nuclear tests.

Refined instrumentation for glacial water budget

Instrumentation has been developed by M. F. Meier 
and W. V. Tangborn to record changes in the water 
budget as a function of time for a high-altitude drain­ 
age basin containing South Cascade Glacier, Wash. 
This instrumentation includes a stream-gaging station, 
with covered control, built to function under a 20-foot 
snowpack, a recording precipitation gage built to func­ 
tion under any weather conditions, several recording 
thermographs, and a number of nonrecording instru­ 
ments of unique design. The recording instruments are 
capable of unattended operation for as long as 6 months. 
The data collected will permit calculation of such pre­ 
viously unknown quantities as the relative contribution 
to runoff of snowmelt, icemelt, direct precipitation, and 
base flow from ice and ground; the varying storage of 
water in snow and ice; the transfer of mass from slopes 
to the trunk glacier by avalanches and wind; and the 
hydrologic peculiarities of streamflow from a glacier in 
winter.

Television camera for use in water wells

J. E. Eddy has developed a television camera that 
permits down-hole inspection of borehole or casing in

water wells. The view scanned by the -camera is dis­ 
played on a picture tube at the surface.

Nomogrom for heat-flow computations

A nomogram with adjustable scales has been devel­ 
oped by T. E. A. van Hylckama and O. E. Leppanen 
to speed up heat-flow computations derived from ther­ 
mopile voltages, temperatures, and calibration con­ 
stants.

Automation of water-quality data

A system for automatic tabulation of water-quality 
data using Flexowriter, 046 IBM tape-to-card converter, 
026 IBM printing key punch, and 407 IBM accounting 
machine is reported by G. A. Billingsley. Punch cards 
for computation of weighted averages, frequency dis­ 
tribution, means, medians, modes, ranges, variance, and 
special reports for water-quality data are being utilized.

Automation of stream gaging

The use of digital recorders at stream-gaging stations 
has grown during the last year from the field-testing 
phase to fully operational phase. W. L. Isherwood 
reports that about 700 gaging stations from New Eng­ 
land to Hawaii are now so equipped. An improved 
system adopted October 1962 provides for complete au­ 
tomatic processing beginning with the punched tapes 
from the recorders and ending with camera copy for 
offset printing.

Automated water-quality monitoring

After several years of development and testing on 
the Delaware Kiver, N. H. Beamer reports a super- 
sensitive instrumentation system that automatically 
samples and continuously records water-quality infor­ 
mation along the Philadelphia waterfront. This "sen­ 
tinel", which is a major breakthrough in instrumenta­ 
tion for marine studies, has a submerged pump which 
distributes representative river water to five transis­ 
torized sensors that test the temperature, turbidity, 
electrical conductivity, dissolved-oxygen content, and 
pH. The data can be telemetered for instant recording 
elsewhere.

Continuous recording measurements of radioactivity and 
bulk density of bottom sediments

C. M. Bunker has directed the design and field testing 
of equipment for mapping radioactivity and relative 
bulk density of recent ocean and lake sediments. 
Measurements are made by towing the detection equip­ 
ment along the surface of the sediments behind a vessel. 
Data are transmitted in the form of electrical pulses 
from the detectors through a coaxial cable to equipment f 
on the vessel, where they are converted to strip-chart 
records. Tests during 1962 on bottom sediments of 
Burt Lake in Michigan were successful.
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Automatic-recording precise tiltmeter minute. The equipment is portable and can be operated
An automatic-recording liquid-level tiltmeter has in the field with minimum site preparation. Although

been developed by Francis S. Riley. The instrument developed primarily to record micromovements of the
traces a continuous record of differential elevation land surface around a pumped artesian well, especially
changes between points as much as 100 meters apart, . r.^-iii-1 ,1-,

.,, e . r ... .. j> nK .,,. . -I in areas of active land subsidence, the instrument maywith a maximum sensitivity of 25 millimicrons per mil- J
limeter of pen displacement. Useful response to oscilla- ^ considerable application to other problems in the
tory tilting is obtained at frequencies up to 2 cycles per fields of geophysics and engineering geology.

708-043 O 63   13



TOPOGRAPHIC SURVEYS AND MAPPING

MAPPING ACCOMPLISHMENTS

Objectives of the Matronal Topographic Mapping Pro­ 
gram

The major function of the Topographic Division of 
the U.S. Geological Survey is the preparation and main­ 
tenance of the National Topographic Map Series cover­ 
ing the United States and outlying areas. This map 
series, comprising several series of quadrangle maps at 
different scales, is a fundamental part of the background 
research required to inventory, develop, and manage 
the natural resources of the country. Other divisional 
functions are the production of related maps; periodic 
revision and maintenance of maps and publications; 
and research to improve map products, engineering tech­ 
niques, and instrumental equipment.

In addition to the maps described below, the Topo­ 
graphic Division prepares shaded-relief maps, U.S. base 
maps, special maps, and also a few planimetric maps.

Procedures for obtaining copies of the maps and map 
products of the Survey are given on page A198.

Series and scales

All topographic surveys, except those in Alaska, are 
being made to standards of accuracy and content re­ 
quired for map publications at a scale of 1:24,000. Ini­ 
tial publication may be either at a scale of 1:24,000 or 
1:62,500, depending on the need. If 1:62,500-scale 
maps are published initially, the 1:24,000-scale surveys 
in the form of photogrammetric compilation sheets are 
available on open file, and for future publication at that 
scale. For maps in Alaska the publication scale is 1: 
63,360 or "inch-to-the-mile."

Coverage of the Nation

Fifty seven percent of the total area of the 50 states, 
Puerto Eico, and the Virgin Islands (fig. 7) is covered 
by published standard quadrangle maps at scales of 
1:24,000, 1:62,500, and 1:63,360 (for Alaska only). 
An additional 9 percent of the total area is covered by 
topographic surveys at these scales, which are available 
on open file as unpublished maps.

During fiscal 1963, 543 maps were published covering 
previously unmapped areas equal to 1.6 percent of the 
total area. An additional 439 new maps, at a scale of 
1: 24,000, equivalent to 0.7 percent of the total area, were 
published to replace maps of 15-minute quadrangles 
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(scale 1:62,500) compiled to obsolete standards. For 
the extent and location of map coverage, see figure 8.

Map revision and maintenance

During 1962, about 56,000 square miles of 7%-minute 
mapping was added to the growing backlog of maps in 
need of revision. During fiscal 1963, the backlog was 
diminished by revising about 10,400 square miles of 
mapping, leaving about 318,500 square miles of 7%- 
minute mapping in need of revision at the end of the 
year (fig: 9).

1 :250,000-scale mapping

The 48 conterminous States and Hawaii are 99 per­ 
cent covered by 1:250,000-scale maps originally pre­ 
pared as miiltary editions by the Army Map Service. 
As these maps are completed, certain changes and addi­ 
tions are made to make them more suitable for civil 
use and for distribution to the public. The revision 
and maintenance of this series is to be carried out by 
the Topographic Division. Maps of Alaska at this scale 
are being prepared and published by the Geological 
Survey. Coverage of the 50 States, Puerto Eico, and 
the Virgin Islands by 1:250,000-scale maps and the 
work in progress are shown on figure 10.

State maps
State maps are published at scales of 1:500,000 and 

1:1,000,000, except for Alaska, which is covered by base 
maps published at scales of 1:1,584,000 and 1:2,500,000, 
and Hawaii, which is not yet covered by any of these 
maps.

Twenty-seven maps covering 31 States and the Dis­ 
trict of Columbia, compiled to modern standards, have 
been published in a new series entailing as many as 
four editions: base, base and highways, base and high­ 
ways and contours, and shaded relief on a modified base. 
As shown on figure 11, other conterminous States are 
covered by'an earlier series.

Metropolitan areas
Metropolitan-area maps are prepared by combining 

on one or more sheets the T1̂ -minute quadrangles that 
cover a metropolitan area. Maps of 56 metropolitan 
areas have been published, including 2 new and 2 re­ 
vised maps that were completed during fiscal 1963. 
Work in progress includes 2 new maps and the revision 
of 4 others.
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PERCENT 
MAPPED

-100-

  90-

-70-

Mapping of the 50 States, Puerto Rico, 
and Virgin Islands is included; also, 
mapping prepared in part by other agencies

r-60

Replacement of 15-minute series with 7>£-minute seri 

* * 15-minute series at 7J£-minute standards

UTE SERIES (PRE-1947)

1947 48 62 63

FISCAL YEAR

FIGURE 7. Progress of 7%- and 15-minute quadrangle mapping.
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PUBLISHED

Albuquerque, N. Mex. 
Atlanta, Ga. 
Austin, Tex. 
Baton Rouge, La. 
Boston, Mass. 
Bridgeport, Conn. 
Buffalo, N.Y. 
Champaign-TJrbana, 111. 
Chattanooga, Tenn. 
Chicago, 111. (3 sheets) 
Cincinnati, Ohio 
Cleveland, Ohio 
Columbus, Ohio 
Davenport-Rock Island-

Moline, Iowa and Illinois 
Dayton, Ohio 
Denver, Colo. 
Detroit, Mich. (2 sheets) 
Duluth-Superior, Minnesota

and Wisconsin 
Fort Worth, Tex. 
Gary, Ind.
Hartford-New Britain, Conn. 
Honolulu, Hawaii 
Houston, Tex. 
Indianapolis, Ind. 
Tuneau, Alaska 
Knoxville, Tenn. 
Little Rock, Ark. 
Los Angeles-Long Beach,

Calif. (3 sheets)

Louisville, Ky.
Madison, Wis.
Milwaukee, Wis.
Minneapolis-St. Paul, Minn.
New Haven, Conn.
New Orleans, La.
New York, N.Y. (8 sheets)
Norfolk-Portsmouth-Newport

News, Va. 
Oakland, Calif. 
Peoria, 111.
Philadelphia, Pa. (2 sheets) 
Pittsburgh, Pa. 
Portland-Vancouver, Oregon

and Washington 
Rochester, N.Y. 
Salt Lake City, Utah 
San Diego, Calif. 
San Francisco, Calif. 
San Juan, P.R. 
Seattle, Wash. 
Slhreveport, La. 
Spokane, Wash. 
Toledo, Ohio 
Washington, D.C. 
Wichita, Kan®. 
Wilkes-Bajrre-Pittstown, Pa. 
Wilmington, Del. 
Worcester, Mass. 
Youngstown, Ohio

IN PROGRESS

New Maps 
Anchorage, Alaska 
Tacoma, Wash.

National park maps

Revision 
Cincinnati, Ohio
Louisville, Ky.
Portland-Vancouver, Oregon

and Washington 
Washington, D.C.

Maps of 44 of the 184 national parks, monuments, 
historic sites, and other areas administered by the Na­ 
tional Park Service have been published. These usu­ 
ally are made by combining all existing quadrangle 
maps into one map sheet, but occasionally surveys are 
made covering only the park area. Published maps in 
this series include:

Acadia National Park, Maine 
Bandelier National Monument,

N. Mex. 
Black Canyon of the Gunnison

National Monument, Colo. 
Bryce Canyon National Park,

Utah 
Canyon de Chelly National

Monument, Ariz. 
Carlsbad Caverns National

Park, N. Mex.

Cedar Breaks National Monu­ 
ment, Utah

Chickamauga and Chattanooga 
National Military Park, Ga.

Colonial National Historical 
Park (Yorktown), Va.

Colorado National Monument, 
Colo.

Crater Lake National Park 
and Vicinity, Oreg.

Craters of the Moon National 
Monument, Idaho

Ouster Battlefield, Mont.
Devils Tower National Monu­ 

ment, Wyo.
Dinosaur National Monument, 

Utah-Colorado
Franklin D. Roosevelt Na­ 

tional Historic Site, N.Y.
Glacier National Park, Mont.
Grand Canyon National Monu­ 

ment, Ariz.
Grand Canyon National Park, 

Ariz. (2 sheets)
Grand Teton National Park, 

Wyo.
Great Sand Dunes National 

Monument, Colo.
Great Smoky Mountains Na­ 

tional Park, North Carolina 
and Tennessee (2 sheets)

Hawaii National Park, Hawaii 
(2 sheets)

Hot Springs and Vicinity, Ark.
Isle Royale National Park, 

Mich.
Lassen Volcanic National 

Park, Calif.
Mammoth Cave National Park, 

Ky.
Mesa Verde National Park, 

Colo.

Mount McKinley National
Park, Alaska 

Mount Rainier National Park,
Wash. 

Olympic National Park and
Vicinity, Washington 

Petrified Forest National
Monument, Ariz. 

Rocky Mountain National
Park, Colo.

Scotts Bluff National Monu­ 
ment, Nebr. 

Sequoia and King's Canyon
National Parks, Calif. 

Shenandoah National Park,
Va. (2 sheets) 

Shiloh National Military Park,
Tenn. 

Vanderbilt Mansion National
Historic Site, N.Y. 

Vicksburg National Military
Park, Miss. 

Wind Cave National Park,
S. Dak. 

Yellowstone National Park,
Wyoming, Montana, and
Idaho

Yosemite National Park, Calif. 
Zion National Park (Kolob

Section), Utah 
Zion National Park (Zion

Canyon Section), Utah

Million-scale maps

The worldwide million-scale series of topographic 
quadrangle maps was originally sponsored by the Inter­ 
national Geographical Union and designated the Inter­ 
national Map of the World on the Millionth Scale 
(IMW). The conterminous United States will be cov­ 
ered by 53 maps, 17 of which were produced before 1955. 
At that time the Army Map Service began military 
series at 1:1,000,000 scale. Eventually these AMS 
maps will be modified slightly and published in the 
IMW series (fig. 12).

Two of the maps, Hudson River and San Francisco 
Bay, are no longer available as IMW maps but the areas 
are covered by AMS maps. Both the IMW and AMS 
series are available for Boston, Chesapeake Bay, Hat- 
teras, Mississippi Delta (White Lake-AMS), Mt. 
Shasta, and Point Conception. In addition, the Ameri­ 
can Geographical Society has published the Sonora, 
Chihuahua and Monterrey maps, and Canada, the 
Regina and Montreal maps. Puerto Rico is covered by 
two maps, each compiled and published by the Ameri­ 
can Geographical Society and the Army Map Service.

During fiscal 1963, 'nine maps of the military series 
were reprinted in format conversions. They conform 
to the IMW sheet lines and sheet numbering system but 
do not meet IMW specifications in all respects. They
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are, however, recognized by the United Nations Carto­ 
graphic Office as provisional editions in the IMW series.

MAPPING IN ANTARCTICA

The topographic mapping of Antarctica, carried on 
as part of the U.S. Antarctic Research Program 
(USARP) of the National Science Foundation, was 
expanded during fiscal 1963. Seven topographic engi­ 
neers went to Antarctica during the austral summer of 
1962-63 to obtain geodetic control for topographic map­ 
ping, and a specialist in aerial photography was as­ 
signed to Christchurch, New Zealand, for photographic 
liaison duty with the Navy.

Topographic field operations

P. F. Bermel, D. C. Barnett, K. S. McLean, and E. R. 
Soza used electronic distance-measuring equipment to 
establish mapping control in North Victoria Land and 
in the mountains between the Beardmore Glacier and 
the Ohio Range of the Horlick Mountains. In addition 
to logistical support furnished to all USARP field 
parties by the U.S. Navy, this group was closely sup­ 
ported by a U.S. Army helicopter detachment. The 
1,600-mile traverse established control for mapping 
90,000 square miles of mountainous terrain.

While operating with a USARP party fielded by the 
University of Minnesota, R. M. Collier and D. T. Edson 
used electronic distance-measuring equipment to estab­ 
lish mapping control in the Heritage and Sentinel 
Ranges of the Ellsworth Mountains. Vinson Massif, 
believed to be the highest point in Antarctica, was ob­ 
served by this party, and a more accurate elevation for 
this feature is expected to result from computation of 
the field data.

T. E. Taylor, with a USARP party of Geological 
Survey geologists, established mapping control in the 
Pensacola Mountains, using observations on both sun 
and stars. Taylor also used a phototheodolite to estab­ 
lish additional mapping control.

Stellar observations for geodetic positions were made 
at critical points along traverse routes, as well as at the 
South Pole station and at McMurdo station. Control 
for large-scale mapping was established at the Cape 
Crozier penguin rookery, and a geodetic traverse was 
run linking .old Byrd station, new Byrd station, and 
Byrd Delta Sub-One, the auroral satellite observing 
station.

Aerial photography

U.S. Navy Air Development Squadron Six obtained 
aerial photography for mapping in accordance with 
Geological Survey specifications. W. R. MacDonald 
was assigned to the Navy Photographic Laboratory at 
Christchurch, New Zealand, to advise on the quality of

developed photography and to assist with the planning 
and necessary reflights.

Camera malfunctions and logistic difficulties associ­ 
ated with the operating range of the Neptune P2V air­ 
planes used for Antarctic photographic missions limited 
the success of the aerial photography program. Final 
analysis of the season's photography indicates that areas 
totaling about 44,000 square miles were photographed 
acceptably for use in the Geological Survey mapping 
program.

Cartographic activities

Six 1:250,000-scale topographic maps of the Thiel 
Mountains, Executive Committee Range, and portions 
of the Horlick Mountains, were published in shaded- 
relief editions, making a total of 9 sheets at this scale 
now available. Mapping at the same scale is now under­ 
way for 4 additional sheets in the Horlick Mountains, 
8 in the Queen Alexandra "Range, 6 in the Britannia 
Range, and 6 covering the McMurdo Sound area (fig. 
13).

Uncontrolled planimetric map manuscripts were com­ 
piled of part of the Pensacola Mountains, and of the 
Heritage Range of the Ellsworth Mountains. A sketch 
map was made of a 20-mile-wide area along the Oates 
Coast, from Cape Adare, north of Hallett Station, to 
the Wilson Hills.

Antarctica relief model

A contract was completed for a 2-layer multicolored 
plastic relief model of Antarctica, at a scale of 1:10,000,- 
000, with a vertical exaggeration of 25:1. The lower 
part of the model shows the submarine floor, the sub-ice 
topography, and ice-free mountain areas on the con­ 
tinent. The upper and removable section of the model, 
which is transparent, shows the sea-level surface and 
the surface of the continental ice mass. The projections 
of mountain masses through the ice also are shown on 
the upper section. A limited number of these models 
have been made for purposes of assisting in scientific 
studies.

RESEARCH AND DEVELOPMENT

The Geological Survey program of topographic map­ 
ping of the United States is supported by continuing 
research and development of new techniques, instru­ 
ments, and media. The chief objectives of this 
research are to improve the quality and usability of 
topographic maps and to reduce the cost of their prep­ 
aration. As part of the research effort the Survey 
carries on an accuracy-testing program, in which a rep­ 
resentative 10 percent of the quadrangles mapped is 
tested by special surveys for precision of position and 
elevation. The test findings are a valuable guide for
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FIGUKE 13. Index map of Antarctica showing status1 of topographic mapping by the U.S. Geological Survey as of June 30, 1963.
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selecting optimum methods for new mapping, for 
programming research, and for formulating standard 
procedures.

Major research projects in topographic surveys and 
mapping require a group effort by engineers and car­ 
tographers of different backgrounds and abilities. An 
example of such a group effort is the experiment, cur­ 
rently underway, in various techniques of mapping 
planimetry (roads, building, streams, bodies of water, 
woodland). The objective is to devise new approaches 
and to evaluate the degree to which such planimetric 
data, appropriately reproduced, might be used to in­ 
crease topographic coverage of the unmapped areas of 
the United States. The systems under consideration 
are based on readily available materials, data, tech­ 
niques, and instrumentation.

In one proposed system, aerotriangulation will be 
accomplished with available Army Map Service 
1:60,000-scale photography, using stereotemplet meth­ 
ods and existing horizontal control. A skeletal frame­ 
work of readily identifiable planimetric features will 
be compiled by stereoplotter from the same photog­ 
raphy. The remaining detailed planimetry will be 
compiled by monocular methods from recent 1:20,000- 
scale U.S. Agricultural Stabilization and Conservation 
Service photographs.

A second project is the investigation of effective 
means for accurate and economical topographic map­ 
ping of areas covered by dense evergreen woods. Field 
techniques for obtaining detailed ground information 
include new radar-type sensors as well as panchro­ 
matic and infrared photographiccoverage.

FIELD SURVEYS

Field test of second-order control surveys

In the summer of 1962, six test projects were under­ 
taken in cooperation with the U.S. Coast and Geodetic 
Survey to determine whether the control surveys ex­ 
ecuted by the Geological Survey for topographic map­ 
ping could be strengthened to meet second-order 
standards economically through the use of modern 
equipment.

The tests included 4 projects for horizontal control, 
and 2 projects involving vertical control. The hori­ 
zontal control was extended by traverse, using electronic 
equipment to measure distances and Wild T-2 theod­ 
olites to measure angles. The vertical control was ex­ 
tended by conventional second-order methods, using 
a Staack spirit level in one project and a Zeiss Ni2 
automatic level in the other. There were no unusual 
problems in the fieldwork, and all projects were com­ 
pleted during the summer of 1962. The results of both 
the horizontal and vertical control were adjusted by

the Coast and Geodetic. Survey, and accuracies in all 
the work were well within the second-order require­ 
ments.

As a result of these tests, the following agreements 
were reached by the Geological Survey and the Coast 
and Geodetic Survey in regard to future control sur­ 
veys, for mapping by the Geological Survey:

1. Where feasible, horizontal control will be completed 
by the Coast and Geodetic Survey prior to the 
'beginning of mapping operations by the Geological 
Survey. Any horizontal control which cannot be 
completed in time by the Coast and Geodetic Sur­ 
vey will be performed by the Geological Survey 
to 'second-order standards. The Coast and Geo­ 
detic 'Survey will be responsible for all final ad­ 
justments into the national geodetic network.

2. The basic vertical control required for mapping by 
the Geological Survey will continue to be done to 
third-order standards, on the premise that the 
slight initial difference in elevation accuracy is 
not worth the considerable difference in cost, and 
probably would not be discernible after a few years 
because of earth-crust movements.

Level-evaluation program
A program started in 1962 to evaluate some of the 

precise leveling instruments on the market includes 
both shop inspection and tests, and field tests using the 
Kissam-Irish precision test, which^is designed to evalu­ 
ate a particular intniment under the existing atmos­ 
pheric conditions. To date, 5 pendulum-type and 2 
spirit-type instruments have been tested. The tests 
indicated that 4 of the pendulum-type levels and 1 of 
the spirit-type levels are sufficiently precise for third- 
order geodetic leveling. Each instrument was tested 
for precision, for limitations on the permissible length 
of sight, for necessity of shading the instrument, and for 
ease of operation.

Portable surveying towers
Experience with portable surveying towers (described 

by Buckmaster and others, 2-63) indicates that a most 
important characteristic is the speed of raising and 
lowering. To save time, portable towers are trans­ 
ported, raised, and lowered fully assembled on trucks 
with powered hoists.

Towers about 40 feet high are used more than higher 
ones, because of their rigidity, short setup time, and 
ease of highway transportation. However, the truck 
carriage-hoists have been designed with a capacity to 
erect a 7'5-foot tower when greater tower height is 
essential. Connection joints have been designed so that 
preassembled sections can be added quickly to extend 
towers to the required height. The same connectors 
permit quick removal of the platform unit for long
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highway trips. Heavier corner tubes and braces may 
be used should greater stability be desired for more 
precise surveys.

Airborne control-survey system

An airborne control-survey system (ABC system) is 
being tested for extending geodetic control by a com­ 
bined system of ground-to-air measurements (Buck- 
master and others, 1-63). A helicopter serves as an 
aerial platform above ground points for which geodetic 
position is desired. When hovering over a desired 
ground position, the craft serves as a target for angle 
measurements from one or more ground stations and 
as the "remote" station for the electronic distance- 
measuring equipment.

Tests were conducted in July 1962 to determine the 
degree of horizontal accuracy obtainable with the ABC 
system. The ABC control net was tied to existing first- 
order triangulation stations and the two positions were 
compared. The unadjusted closures gave a maximum 
error of 2.1 feet, an average error of 1.34 feet, and a 
p jobable error of 0.96 foot. In terms of a representative 
fraction, the closure is about 1:100,000, using the most 
direct route from the base line. Based on the results of 
these tests, a horizontal accuracy of 2 feet can be ex­ 
pected within the working range of the equipment.

The ABC system was used experimentally on a map­ 
ping project in Arizona during January and February 
1963. Time, cost, and accuracy of the ABC system 
were compared with conventional ground-survey 
methods. One 7^-minute quadrangle previously sur­ 
veyed by ground parties was resurveyed with the ABC 
system using the same field crews. Six other T^-minute 
quadrangles were surveyed solely by the ABC system. 
Horizontal and vertical positions were obtained for 
about 200 points. Vertical control had been predeter­ 
mined by field methods on 32 of these points. Com­ 
parison of the results obtained by the two methods indi­ 
cated a difference of about 0.6 foot in the vertical data. 
The horizontal control data have not yet been com­ 
pletely analyzed.

PHOTOGRAMMBTRY

Diapositive printers

In a continuing study of automatic dodging systems 
for diapositive printers, a new cone assembly for the 
153/55 printer was designed, fabricated, and tested in 
1963. Based on the principle of infrared quenching, 
this printer will automatically dodge diapositives, pro­ 
ducing imagery that is easier to interpret in stereo- 
compilation.

In an effort to lessen the effect of distortion inherent 
in 90° aviogon photography, new corrector plates were

supplied for four 153/153 diapositive printers, and cor­ 
rector plates are being obtained for four 153/55 dia­ 
positive printers. In addition, a corrector plate was 
designed and procured for the 153/55 printer for super- 
wide-angle photography. Included in the design of 
all new corrector plates is a compensation for earth 
curvature.

Diapositive quality control

The Geological Survey and other government agen­ 
cies, in cooperation with manufacturers, have developed 
new and more rigid specifications for diapositive 
plates. A program of quality control has also been 
started that will detect small differences in emulsion 
characteristics. With uniform-quality plates assured, 
the diapositive technician can select the type of emul­ 
sion and the procedure that will extract the greatest 
amount of information from the aerial film.

The need for improved quality in diapositive emul­ 
sions has been emphasized by the increased use of ortho- 
photography, and other direct-image mapping tech­ 
niques, wherein the image quality plays an important 
role in the appearance of the final map.

Orthophotography

An experimental map publication, a four-color ortho- 
photomosaic print of the Roanoke SW, Virginia, 7^- 
minute quadrangle, was completed in 1963. Press 
plates prepared from photo negatives processed by 
photo-image enhancement techniques permitted repro­ 
duction without half-tone screening. The experimental 
publication is pleasing in its general appearance and 
complies with the National Map Accuracy Standards 
for horizontal position.

Detailed drawings and specifications for a new ortho- 
photoscope, model T-64, have been completed. Investi­ 
gations are continuing of the feasibility of digitizing 
the X, Y, and Z data derived during the scanning proc­ 
ess. The data may be used subsequently both to con­ 
trol the exposure of orthophotography and to determine 
elevations for contouring or profiling.

Modified Kelsh plotter

Shorter-focal-length lenses mounted in Kelsh pro­ 
jectors to produce an optimum projection distance of 
550 mm (instead of 760 mm) with a magnification of 
3.6:1 (instead of 5:1) are being investigated. The use 
of contact-size diapositives at a principal distance of 
153 mm is not changed by this modification. Projected 
model scales are comparable to those projected by the 
ER-55 plotter for photography at equal flight heights. 
By the use of'a smaller model scale, undesirably large 
pantograph reductions are avoided. Laboratory tests 
of the projected model show an increase in illumination 
and a more even distribution of light compared with
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that of the standard Kelsh plotter. Operational tests 
are underway to determine if this modification enhances 
the efficiency of the instrument for map compilation.

Analytical aerotriangulation

Development is nearing completion on a fully ana­ 
lytical system of aerotriangulation and the associated 
computational program for the Burroughs-200 elec­ 
tronic computer. The computer program can produce 
solutions for blocks of up to 22 photographs in any con­ 
figuration. The system provides an iterative, least- 
squares, simultaneous solution for exposure station 
positions and for the subsequent computation of the 
geographic positions and elevations of the photogram- 
metric control points ("pass points") needed for topo­ 
graphic map compilation. The program embodies 
provisions for correcting the systematic lens-distortion 
and film-distortion errors and for a least-square adjust­ 
ment of random errors in the measured photo- 
coordinates.

Analytical strip and block adjustment methods

In addition to this fully analytical system, two re­ 
search projects involve the developing and evaluating 
of computational methods of adjusting instrumentally 
bridged strips to one another and to control.

Engineers of the Topographic Division are investi­ 
gating a system of horizontal adjustment using a 
method and computer program devised by Schut.110 
They first formulated and tested a modified version of 
Schut's method, and found that the modified method 
produced acceptable results for short strips (7 or 8 mod­ 
els) bridged with either the Wild A-7 plotter or with 
ER-55 equipment. For longer strips, particularly those 
bridged with EE-55 equipment, the more accurate full 
solution is needed. The objectives of the project are 
to evaluate the full solution when used with 16 model 
strips bridged with the A-7 plotter, and to explore the 
merits of a proposed method of forming the strips ana­ 
lytically from two-model strip sections.

Also in progress is a study aimed at appraising an 
analytical method for the vertical adjustment of in­ 
strumentally bridged strips. Basically, the method in­ 
volves the generation of a vertical-error surface for 
each strip, based upon a polynomial of the second de­ 
gree, and an iterative adjustment of the strips to the 
control and to the adjoining strips through adjustment 
of the error surfaces. If it proves to have sufficient 
accuracy, the method holds promise of reducing costs 
because it would require fewer field-survey elevations 
and would permit greater latitude in their location.

uo Schut, O. H., 1961, A method of block adjustment of horizontal 
coordinates: Canadian Surveyor, v. 15, no. 7, pp. 376-385.

Super-wide-angle photogrammetric system

In continuing investigations of super-wide-angle 
photogrammetric systems in mapping, flight testing of 
the Wild RC-9 aerial camera, which has an angular 
coverage of 120°, has been successfully completed. 
Photography was obtained over Los Angeles, Calif., 
where the wealth of planimetric details and abundant 
ground control will permit evaluation of the resolution 
and flatness of stereomodels projected from super-wide- 
angle photography. A pair of Balplex super-wide- 
angle projectors and a Wild B-8 stereoplotter will be 
used for further operational testing.

PROGRAM MANAGEMENT

Computer-plotted index maps

An electronic method for printing map-index data, 
called TAG (Tabulation And Graphic) has been de­ 
veloped. Positions of selected quadrangle maps are 
plotted by the Burroughs-220 electronic computer to fit 
a rectangular projection at a scale of about 1:4,400,000. 
Maps can be prepared to show, by symbols, a variety of 
information, such as the status of individual quad­ 
rangles, from data coded in an electronic computer. A 
corresponding tabular listing of the information can 
be produced simultaneously. A map of the United 
States requires 5 strips which can be prepared with 4 
carbon copies in about 30 minutes.

NATIONAL ATLAS

Plans for the scope, content, and organization of the 
National Atlas of the United States have been com­ 
pleted and blue-line plotting bases have been made at 
scales of 1: 7,500,000, 1:17,000,000 and 1: 34,000,000. 
The project has been directed by Arch C. Gerlach, who 
is on loan from the Library of Congress. Work was 
started in 1962, in response to a recommendation from 
the National Academy of Sciences, but was suspended at 
the beginning of fiscal 1964.

The National Atlas is intended to be a reference and 
research tool for Government agencies, educational in­ 
stitutions, large libraries, executives in business and in­ 
dustry, and individual scholars. There will be a small 
group of general reference maps at the front, but the 
principal body of 350 pages of maps will be special- 
subject maps dealing with the mappable characteristics 
of this country. These will include physical features 
such as landforms, geology, soils, vegetation, and 
climate; historical events such as discovery, exploration, 
battlefields, land grants, and territorial growth; eco­ 
nomic activities such as agriculture, industry, resources, 
transportation, and taxation; social conditions such as
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population distribution and structure, educational foreign trade, aid programs, student exchanges, defense 
achievement, cultural and research centers; administra- organizations, and other aspects of the United States' 
tive subdivisions of the United States; index maps of activity in world affairs. Plans have been completed 
cartographic and aerial-photo coverage for various pur- for indexing the atlas by means of computer and auto- 
poses and for different scales; and world maps showing matic printing equipment.



HOW TO OBTAIN GEOLOGICAL SURVEY PUBLICATIONS

All book publications, maps, and charts published 
by the Survey are listed in "Publications of the Geo­ 
logical Survey through 1961" (in press), and in supple­ 
ments, which keep the list up to date. New releases are 
announced each month in "New Publications of the 
Geological Survey". All of these lists of publications 
are free upon request to the GEOLOGICAL SURVEY, WASH­ 
INGTON, D.C., 20242. They may be consulted at many 
public and educational-institution libraries, and at the 
Geological Survey offices named below.

Books, maps, charts, and folios that are out of print 
can no longer be purchased from any official source. 
They may be consulted at many libraries, and some can 
be purchased from dealers in second-hand books.

Ordering book reports
Professional papers, bulletins, water-supply papers 

and miscellaneous book publications can be purchased 
from the SUPERINTENDENT or DOCUMENTS, GOVERNMENT 
PRINTING OFFICE, WASHINGTON, D.c., 20402. Prepayment 
is required and may be made by money order or check 
payable to that office, or in cash exact amount at 
sender's risk. Postage stamps are not accepted. Book 
publications also may be purchased on an over-the-coun­ 
ter basis from the following Geological Survey offices:
468 NEW CUSTOMHOUSE, DENVER, COLO. | 437 FEDERAL 

BUILDING, SALT LAKE CITY, UTAH; 602 THOMAS BUILDING, 

DALLAS, TEX.; 1031 BARTLETT BUILD LNG, LOS ANGELES, 

CALIF.; 232 APPRAISERS BUILDING, SAN FRANCISCO, CALIF.; 

SOUTH 157 HOWARD ST., SPOKANE, WASH.; and 503 CORDOVA 

BUILDING, ANCHORAGE, ALASKA.

Circulars may be obtained free on application to the
GEOLOGICAL SURVEY, WASHINGTON, D.C., 20242.

Ordering maps and charts
Maps, charts, folios, and hydrologic atlases are sold 

by the Geological Survey. Mail orders for those cover­ 
ing areas east of the Mississippi Eiver should be ad­ 
dressed to the GEOLOGICAL SURVEY, WASHINGTON, D.C.,
20242, and for areas west of the Mississippi River to the
GEOLOGICAL SURVEY, FEDERAL CENTER, DENVER, COLO., 80225.

Remittances should be sent by check or money order 
made payable to the Geological Survey or i^ cash exact 
amount at the sender's risk. Postage stamps are not 
accepted. Retail prices are quoted in lists of publica­ 
tions and, for topographic maps, in indexes to topo­ 
graphic mapping for individual states. On an order 
amounting to $10 or more at the retail price, 20 percent 
discount is allowed; on orders of $60 or more, 40 per­ 
cent discount is allowed. These publications also may 
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be obtained on an area basis, by over-the-counter sale 
(but not by mail) from the other Geological Survey 
offices mentioned above. Residents of Alaska may 
order Alaska maps from the GEOLOGICAL SURVEY, 310
FIRST AVE., FAIRBANKS, ALASKA, 99701. Most geologic

maps are available flat, or folded in envelopes.
Indexes to topographic-map coverage of the various 

States are released periodically and are free on applica­ 
tion. The release of revised indexes is announced in 
the monthly list of new publications of the Geological 
Survey. Each State index shows the areas mapped and 
gives lists of Geological Survey offices from which maps 
may be purchased and of local agents who sell the maps.

Advance material available from current topographic 
mapping is indicated on quarterly releases of State in­ 
dex maps. This material, including such items as 
aerial photography, geodetic-control data, and prelimi­ 
nary maps in various stages of preparation and editing, 
is available for purchase. Information concerning the 
ordering of these items is given on each State index. 
Requests for indexes or inquiries concerning availability 
of advance materials should be directed to the MAP IN­ 
FORMATION OFFICE, U.S. GEOLOGICAL SURVEY, WASHINGTON, 
D.C., 20242.

State water-resources investigations folders
A series of 8- by 101^-inch folders entitled "Water 

Resources Investigations in [State]" is a ne*w project 
of the Water Resources Division to inform the public 
about its current program in the 50 States and Puerto 
Rico, (p. A21). As the State programs change, the 
folders will be revised. Folders for all 50 States are 
available free on request to the U.S. Geological Survey.

Open-file reports
Open-file reports include unpublished manuscript re­ 

ports, maps, and other material made available for pub­ 
lic consultation and use. Arrangements can generally 
be made to reproduce them at private expense. The 
date and places of availability for consultation by the 
public are given in press releases or other forms of pub­ 
lic announcement. In general, open-file reports are 
placed in one or more of the three Geological Survey 
libraries: ROOM 1033, GENERAL SERVICES BLDG., WASHING­ 
TON, D.C.; BLDG. 25, FEDERAL CENTER, DENVER, COLO.; and 
345 MIDDLEFIELD ROAD, MENLO PARK, CALIF. Other de-
positories may include one or more of the Geological 
Survey offices listed on pages A252 to A258, or interested 
State agencies. Many open-file reports are replaced 
later by formally printed publications.



PUBLICATIONS IN FISCAL YEAR 1963

Listed below are the contents of already-published vey Research 1962 published after July 1, 1962, in
Chapters B and C of Geological Survey Research 1963, Professional Papers 450-C, -D, and -E. Publications
comprising Articles 1-121, many of which are referred are listed alphabetically by senior author; each citation
to in the preceding pages. Chapter D will complete is identified by a number, for example, 1-63, which in-
the volume. These contents are followed on page A203 dicates the first entry for that author for the calendar
by a complete list of citations of abstracts, papers, re- year 1963. The number is followed by the names of co-
ports, and maps of Geological Survey authors pub- authors and the citation. References in the preceding
lished or otherwise released to the public during fiscal text are listed by author and serial number   for
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H. V., 1-62; Snyder, C. T., 1-62;
Thomas, H. E., 1-62, 2-63;
U. S. Geol. Survey, 3-61, 15-62,
16-62

maps: Rainwater, F. H., 1-62 
topographic surveys: Maxson, R. O., 1-63 
trace elements, Colorado Plateau:

Newman, W. L., 1-62 
U. S. Geological Survey work:

U. S. Geol. Survey, 2-62, 8-62,
9-62, 13-62, 8-63 

uranium, Colorado Plateau: Jobin,
D. A., 1-62 

vanadium, Colorado Plateau: Weeks,
A. D., 1-61 

water resources: Gushing, E. M., 1-63;
Leopold, L. B., 2-62; McGuinness,
C. L., 1-62; Thomas, H. E., 2-62 

water supply: Eisenlohr, W. S., Jr., 2-62 
zinc: Heyl, A. V., 1-62; Theobald,

P. K., Jr., 1-62 
UTAH

beryllium: Staatz, M. H., 2-63 
botanical prospecting: Kleinhampl,

F. J., 1-62 
clays: Schultz, L. G., 1-63; Tooker,

E. W., 1-62
geochronology: O'Sullivan, R. B., 1-62 
geologic maps; Mullens, T. E., 1-63 
geology: Baker, A. A., 1-63; Bissell,

H. J., 1-63; Elston, D. P., 1-62;
Vogel, J. D., 1-62; Williams,
J. S., 1-62

geomorphology: Morris, H. T., 1-62 
geophysical investigations: Black,

R. A., 1-62; Case, J. E., 1-63;
Crittenden, M. D., Jr., 1-63;
Joesting, H. R., 1-62, 2-62, 1-63,
3-63; Mabey, D. R., 2-63 

ground water: Carpenter, C. H., 1-63,
2-63; Davis, G. E., 1-63, 2-63;
Feltis, R. D., 1-63; Goode, H. D.,
1-62; Kister, L. R., 1-63, 2-63;
Marine, I. W., 1-63, 3-63; Mower,
R. W., 1-63; Smith, R. E., 1-62;
Tanner, A. B., 1-63 

hydrology: Marine, I. W., 4-63 
mapping: Gessel, C. D., 1-62;

Kennedy, D., 2-63 
oil and gas: Hite, R. J., 1-63 
ore deposits: Finnell, T. L., 1-63

origin: Ingerson, E., 1-61 
paleontology: Ross, R. J., Jr., 1-63 
potash: Hite, R. J., 1-63 
salt anticlines: Cater, F. W., Jr., 1-63;

Elston, D. P., 1-62, 1-63; Jones,
C. L., 2-63; Shoemaker, E. M., 1-63 

stratigraphy: Akers, J. P., 1-61;
Hallgarth, W. E., 1-62; Tooker,
E. W., 1-63, 2-63; Wright, J. C.,
1-63 

structure and tectonic history:
Blank, H. R., Jr., 1-63;
Crittenden, M. D., Jr., 2-63;
Gates, J. S., 1-62 

surface water; Diaz, A. M., 1-63;
Snyder, C. T., 1-63; U. S. Geol.
Survey, 45-62, 20-63 

uranium: Kleinhampl, F. J., 1-62;
Shawe, D. R., 1-62 

URANIUM: Davidson, D. F., 1-63;
Rosholt, J. N., Jr., 2-62, 1-63, 2-63 

VANADIUM: Cannon, H. L., 1-62; Fischer,
R. P., 1-61, 2-61
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VELA UNIFORM: Bates, C. C., 1-63 
VERMONT

geologic maps: Cady, W. M., 1-62 
discussion: Zen, E., 1-63; reply,

Doll, C. G., 1-63 
geophysical investigations, maps;

Bromery, R. W., 3-62; Meuschke,
J. L., 1-62, 2-62, 3-62, 4-62,
5-62, 7-62 

guidebooks: Cady, W. M., 1-61;
Chidester, A. H., 1-61; White,
W. S., 1-61

surface water: U. S. Geol. Survey, 31-62 
talc: Chidester, A. H., 1-62 

VIRGINIA
copper: Espenshade, G. H., 1-63 
geologic maps: England, K. J., 2-63;

Harris, L. D., 1-62 
geology: Englund, K. J., 1-63 
geophysical investigations:

Neuschel, S. K., 1-63 
maps: Blanchett, J., 3-63, 4-63;

Bromery, R. W., 1-63, 2-63,
3-63, 4-63, 5-63, 15-63;
Johnson, R. W., Jr., 5-63 

ground water: Johnston, P. M., 1-62 
lead-isotope composition: Doe, B. R., 3-62 
structure and tectonic history:

Harris, L. D., 2-62, 1-63;
Miller, R. L., 1-62; Trainer,
F. W., 1-63 

surface water; Eisenlohr, W. S., Jr., 1-62;
Feltz, H. R., 1-62; Giusti, E. V.,
1-62; U. S. Geol. Survey, 17-63 

VOLCAN1SM: Eaton, J. P., 2-62; Powers,
H. A., 1-63; Snyder, G. L., 2-63;
White, D. E., 3-63 

WASHINGTON
geologic maps: Vine, J. D., 1-62 
geology: Snavely, P. D., Jr., 1-63;

Yates, R. G., 1-62

WASHINGTON (Continued)
geophysical investigations: Bromery,

R. W., 1-62; Schmidt, R. G., 1-62 
glacial geology: Crandell, D. R., 1-63;

Miller, R. D., 1-63 
ground water: Foxworthy, B. L., 1-63;

Garrett, A. A., 1-62; Liesch,
B. A., 1-63; Walters, K. L., 1-63 

hydrology: U. S. Geol. Survey, 14-62 
landslides: Mullineaux, D. R., 1-62 
mineral deposits: Becraft, G. E., 1-63 
mineralogy: Schaller, W. T., 1-62 
petrology: Wright, T. L., 1-62 
stratigraphy: Muessig, S., 1-62 
structure and tectonic history:

Crandell, D. R., 1-62; Newcomb,
R. C., 1-62; Snavely, P. D., Jr., 2-63 

surface water: Richardson, D., 1-63 
volcanism: Hopson, C. A., 1-62 

WATER RESOURCES: Hastings, W. W.,
1-62; Hendricks, E. L., 1-63;
Leopold, L. B., 3-62; Mesnier,
G. N., 1-62; Nace, R. L., 1-63;
Santos, J. F., 1-61; U. S. Geol.
Survey, 50-62

WATER SUPPLY: Durfor, C. N., 2-63 
WEST AFRICA

niobium content of soils:
Grimaldi, F. S., 1-61 

WEST VIRGINIA
geologic history: Rhodehamel, E. C., 1-63 
geophysical investigations:

Neuschel, S. K., 1-63 
WISCONSIN

geology: Dutton, C. E., 1-62; Whitlow,
J. W., 1-63 

geophysical investigations, maps:
Henderson, J. R., 8-63 

ground water: Berkstresser, C. F., Jr.,
1-63; Cline, D. R., 1-63

WYOMING
coal: Masursky, H., 1-62 
geologic maps: Hyden, H. J., 1-63;

Izett, G. A., 1-63; McAndrews,
H., 1-63; Oriel, S. S., 1-63 

geology: Mapel, W. J., 2-63; Pillmore,
C. L., 1-63; Rich, E. I., 1-62 

geophysical investigations, maps:
Dempsey, W. J., 1-62, 7-63 

glacial deposits: Richmond, G. M., 2-62 
ground water: Gordon, E. D., 1-63;

Lowry, M. E., 1-62; Robinove,
C. J., 1-63, 2-63; Whitcomb,
H. A., 1-63

hydrology: Weeks, E. P., 1-62 
iron: Bayley, R. W., 1-63 
mineralogy: Bradley, W. H., 1-62;

Fahey, J. J., 1-63; Love, J. D., 
oil and gas: Love, J. D., 1-63 

maps: Oriel, S. S., 1-63;
Privrasky, N. C., 1-63 

paleontology: McKenna, M. C., 1-62 
radioactive waste disposal:

Beikman, H. M., 1-62 
stratigraphy: Culbertson, W. C., 1-62;

Love, J. D., 2-62; Mallory,
W. W., 2-63; Mapel, W. J., 1-63;
Oriel, S. S., 1-62, 2-62; Pierce,
W. G., 1-63; Rapp, J. R., 1-62;
Zapp, A. D., 1-62 

structure and tectonic history;
Keefer, W. R., 1-63 

surface water: Miller, W. T., 1-63;
U. S. Geol. Survey, 46-62, 11-63 

thorium: Sheridan, D. M., 1-61 
titanium: Houston, R. S., 1-63 
uranium: Davis, R. E., 1-62;

Harshman, E. N., 1-62;
Masursky, H., 1-62



COOPERATING AGENCIES FOR FISCAL YEAR 1963

FEDERAL AGENCIES

Agency for International Development 
Air Force:

Ballistic Systems Division
Cambridge Research Center
Technical Application Center 

Army:
U.S. Army Europe
Corps of Engineers 

Atomic Energy Commission:
Division of Biology and Medicine
Division of Isotope Development
Division of Reactor Development
Military Application Division
Nevada Operations Office
Research Division
San Francisco Operations Office
Special Projects Division 

Department of Agriculture:
Agricultural Research Service
Forest Service
Soil Conservation Service 

Department of Commerce:
Bureau of Public Roads
Weather Bureau 

Department of Defense:
Advanced Research Projects Agency

Department of Defense Continued
Defense Intelligence Agency
Office of Scientific Research 

Department of Health, Education, and Welfare :
Public Health Service 

Department of the Interior:
Bonneville Power Administration
Bureau of Commercial Fisheries
Bureau of Indian Affairs
Bureau of Land Management
Bureau of Mines
Bureau of Reclamation
Bureau of Sport Fisheries and Wildlife
National Park Service
Office of Minerals Exploration 

Department of Justice 
Department of State 
District of Columbia 
Federal Housing Administration 
Federal Power Commission
Navy:

Bureau of Yards and Docks
Office of Naval Research

National Aeronautics and Space Administration 
National Science Foundation 
Tennessee Valley Authority

STATE, COUNTY, AND MUNICIPAL AGENCIES

Alabama:
Alabama State Hospitals
Geological Survey of Alabama
Alabama Highway Department
Department of Conservation
Water Improvement Commission
Calhoun County Board of Revenue
Mobile County
Tuscaloosa County Board of Revenue
City of Huntsville
City of Russellville Water Board 

Alaska:
Department of Health
Department of Highways 

Arizona:
Arizona Highway Department
State Land Department
Regents of the University of Arizona
Superior Court, County of Apache, Arizona
Maricopa County Flood Control District
Maricopa County Municipal Water Conservation District 

No. 1

708-043 O-63-17

Arizona Continued
City of Flagstaff
City of Tucson
City of Williams
Navajo Tribal Council
Buckeye Irrigation Company
Gila Valley Irrigation District
Salt River Valley Water Users Association
San Carlos Irrigation and Drainage District 

Arkansas:
Arkansas Game and Fish Commission
Arkansas Geological Commission
Arkansas State Highway Commission
University of Arkansas:

Agricultural Experiment Station 
Engineering Experiment Station 

California:
Department of Conservation, Division of Mines and Geology
State Department of Fish and Game
State Department of Water Resources
Alameda County Water District
Calaveras County Water District

A247
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California Continued
County of Los Angeles, Department of County Engineers
Montecito County Water District
Monterey County Flood Control and Water Conservation 

District
Orange County Flood Control District
San Benito County
San Barbara County Water Agency
Santa Clara County Flood Control and Water Conservation 

District
Santa Cruz County Flood Control and Water Conservation 

District
City of Arcata
City of San Diego
San Francisco Water Department
San Luis Obispo Flood Control and Water Conservation 

District
Santa Barbara Water Department
East Bay Municipal Utility District
Georgetown Divide Public Utility District
Hetch Hetchy Water Supply
Lake County Flood Control and Water Conservation District
Antelope Valley-East Kern Water Agency
Imperial Irrigation District
Metropolitan Water District of Southern California
Palo Verde Irrigation District
San Bernardino Valley Water Conservation District
Santa Maria Valley Water Conservation District
Ventura River Municipal Water District 

Colorado:
Department of Natural Resources
Office of State Engineer, Division of Water Resources
Colorado State Metal Mining Fund Board
Colorado Water Conservation Board
Colorado Agricultural Experiment Station
Board of County Commissioners, Boulder County
Colorado Springs Department of Public Utilities
Denver Board of Water Commissioners
Arkansas River Compact Administration
Colorado River Water Conservation District
Rio Grande Compact Commission
Southeastern Colorado Water Conservancy District
Costilla Creek Compact Commission 

Connecticut:
Connecticut Geological and Natural History Survey
State Highway Department
State Water Resources Commission
Greater Hartford Flood Commission
Hartford Department of Public Works
New Britain Board of Water Commissioners
Engineering Department City of Torrington 

Delaware:
Delaware Geological Survey
State Highway Department 

District of Columbia:
District of Columbia Department of Sanitary Engineering 

Florida:
Florida Geological Survey
State Board of Parks and Historic Memorials
State Road Department
Broward County Board of County Commissioners
Collier County Board of County Commissioners
Dade County -Board of County Commissioners
Hillsborough County Board of County Commissioners

Florida Continued
Orange County Board of County Commissioners
Pinellas County Board of County Commissioners
Polk County Board of County Commissioners
City of Fort Lauderdale
City of Jacksonville, Office of the City Engineer
City of Jacksonville, City Commission
City of Miami Department of Water and Sewerage
City of Miami Beach
City of Naples
City of Perry
City of Pompano Beach
City of Tallahassee
Central and Southern Florida Flood Control District
Trustees of Internal Improvement Fund 

Georgia:
State Division of Conservation, Department of Mines, Min­ 

ing and Geology
State Highway Department 

Hawaii:
State Department of Land and Natural Resources
Honolulu, City and County of 

Idaho:
Idaho Department of Highways
Idaho Department of Reclamation
Idaho Department of Fish and Game 

Illinois:
State Department of Public Works and Buildings: 

Division of Highways 
Division of Waterways

State Department of Registration and Education
Cook County Department of Highways
Fountain Head Drainage District
Northwest Illinois Metropolitan Planning Commission 

Indiana:
State Department of Conservation Division of Water Re­ 

sources
State Highway Commission 

Iowa:
Iowa Geological Survey
Iowa State Conservation Commission
Iowa Natural Resources Council
Iowa State Highway Commission
Iowa Institute of Hydraulic Research
Iowa State University Agricultural Experiment Station
Linn County Board of Supervisors
City of Fort Dodge Department of Utilities
City of Cedar Rapids 

Kansas:
State Geological Survey of Kansas
State Board of Agriculture, Division of Water Resources
State Department of Health
State Highway Commission
State Water Resources Board
City of Wichita:

Water Supply and Sewage Treatment Division 
Metropolitan Area Planning Department 

Kentucky:
Kentucky Geological Survey 

Louisiana:
State Department of Conservation
State Department of Highways
State Department of Public Works
Sabine River Compact Commission
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] -taine:
Maine Public Utilities Commission
State Highway Commission 

] laryland.:
State Department of Geology, Mines, and Water Resources
Commissioners of Charles County
City of Baltimore
Washington Suburban Sanitary Commission
City of Salisbury 

Massachusetts:
State Department of Public Works : 

Division of Waterways 
Division of Highways

Massachusetts Water Resources Commission
Boston Metropolitan District Commission 

Michigan:
Department of Conservation, Geological Survey Division
State Highway Department
State Water Resource Commission 

Minnesota:
State Department of Conservation, Division of Waters
State of Minnesota Department of Highways
Board of County Commissioners of Hennepin County
Department of Iron Range Resources and Rehabilitation 

Mississippi:
Mississippi Board of Water Commissioners
Mississippi State Highway Department
Jackon County, Mississippi, Port Authority
City of Corinth
City of Jackson
Mississippi Industrial and Technological Research Commis­ 

sion
Pearl River Valley Water Supply District 

Missouri:
Division ,of Geological Survey and Water Resources
Missouri State Highway Commission
Curators of the University of Missouri
Water Pollution Control Board 

Montana:
Montana Bureau of Mines and Geology
State Engineer
State Fish and Game Commission
State Highway Commission
State Water Conservation Board 

ebraska:
Department of Water Resources
Department of Roads
University of Nebraska Conservation and Survey Division
Nebraska Mid-State Reclamation District
Sanitary District Number One of Lancaster County 

Nevada:
Nevada Bureau of Mines
Department of Conservation and Natural Resources
Department of Highways 

ew Hampshire:
New Hampshire Water Resources Board 

ew Jersey:
Department of Agriculture
State Department of Conservation and Economic Develop­ 

ment
Department of Health
Rutgers University, the State University of New Jersey
North Jersey District Water Supply Commission

New Jersey Continued
Passaic Valley Water Commission
Delaware River Basin Commission 

New Mexico:
State Engineer and School of Mines
State Highway Department
New Mexico Institute of Mining and Technology
Interstate Stream Commission
Pecos River Commission
Pecos Valley Artesian Conservation District
Rio Grande Compact Commission
Costilla Creek Compact Commission 

New York:
State Conservation Department
State Department of Commerce
State Department of Health
State Department of Public Works
New York Water Resources Commission
Office of Atomic Development
Board of Hudson River-Black River Regulating District
County of Dutchess Dutchess County Board of Supervisors
County of Nassau Department of Public Works
Onondaga County Public Works Commission
Onondaga County Water Authority
Rockland County Board of Supervisors
Suffolk County Board of Supervisors
County of Suffolk Suffolk County Water Authority
County of Westchester Department of Public Works
City of Albany Department of Water and Water Supply
City of Auburn Water Department
City of Jamestown Board of Public Utilities
New York City Board of Water Supply
New York City Department of Water Supply; Gas and 

Electricity
Village of Nyack Board of Water Commissioners
Schenectady Water Department
Brighton Sewer District No. 2
Oswegatchie-Cranberry Reservoir Commission 

North Carolina:
North Carolina Department of Conservation and Develop­ 

ment
State Department of Water Resources
State Highway Commission
Martin County Board of County Commissioners
City of Asheville
City of Burlington
City of Carey
City of Charlotte
City of Durham
City of Greensboro
City of Waynesville 

North Dakota:
North Dakota Geological Survey
State Highway Department
State Water Conservation Commission 

Ohio:
Ohio Department of Health
Ohio Department of Highways
Ohio Department of Natural Resources : 

Division of Geological Survey 
Division of Water

City of Cincinnati
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Ohio Continued
City of Columbus Department of Public Service
Miami Conservancy District
Ohio River Valley Water Sanitation Commission
Scioto Conservancy District 

Oklahoma:
Oklahoma State Department of Health
Oklahoma Water Resources Board
Oklahoma City Water Department
Fort Cobb Reservoir Master Conservancy District 

Oregon:
State Engineer
State Highway Department
Board of Higher Education
Oregon State University Department of Fish and Game 

Management
Oregon State Sanitary Authority
Oregon Water Resources Department
County Court of Douglas County
Burnt River Irrigation District
County Court of Josephine County
County Court of Lane County
County Court of Murrow County
City of Dallas
City of Dalles City
City of Eugene Water and Electric Board
City of McMinnville Water and Light Department
City of Portland Bureau of Water Works
City of Toledo
Coos Bay North Bend Water Board
Talent Irrigation District 

Pennsylvania:
Department of Internal Affairs, Bureau of Topographic 

and Geologic Survey
State Department of Agriculture
State Department of Forests and Waters 

State Department of Health
City of Bethlehem
City of Harrisburg
City of Philadelphia
Conestoga Valley Association, Inc. 

Rhode Island:
Rhode Island Water Resources Coordinating Board
Department of Public Works Division of Harbors and

Rivers 
South Carolina:

State Development Board
State Highway Department
State Public Service Authority
State Water Pollution Control Authority
City of Spartanburg Public Works Department 

South Dakota:
State Geological Survey
South Dakota Department of Highways
South Dakota Water Resources Commission 

Tennessee :
Tennessee Department of Conservation and Commerce: 

Division of Geology 
Division of Water Resources

Tennessee Game and Fish Commission
Tennessee Department of Highways and Public Works
Tennessee Department of Public Health Stream Pollution 

Control

Tennessee Continued
City of Chattanoga
Memphis Board of Light, Gas, and Water Commissioners,

Water Division 
Texas:

Texas A and M Research Foundation
Texas Water Commission
Pecos River Commission
Rio Grande Compact Commission
Sabine River Compact Administration
City of Dallas 

Utah:
Utah State Engineer
Utah Water and Power Board
State Department of Fish and Game
State Road Commission of Utah
University of Utah
Salt Lake County
Bear River Compact Commission 

Vermont:
State Water Resources Board
Department of Highways 

Virginia:
Department of Conservation and Economic Development, 

Division of Mineral Resources
Department of Highways
County of Chesterfield
Potomac River Basin Commission
County of Fairfax
City of Alexandria
City of Charlottesville
City of Newport News Department of Public Utilities
City of Norfolk Division of Water Supply
City of Roanoke
City of Staunton 

Washington:
State Department of Conservation: 

Division of Mines and Geology 
Division of Water Resources

State Department of Fisheries
State Department of Game
State Department of Highways
State Pollution Control Commission
King County Board of Commissioners
Municipality of Metropolitan Seattle
City of Seattle
City of Tacoma 

West Virginia:
State Department of Natural Resources
State Geological and Economic Survey
State Road Commission
State Water Resources Commission
Clarksburg Water Board 

Wisconsin:
Wisconsin Geological and Natural History Survey
State Highway Commission
Public Service Commission of Wisconsin
State Committee on Water Pollution
Madison Metropolitan Sewerage District 

Wyoming:
Geological Survey of Wyoming
State Engineer's Office
Wyoming Highway Department
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Wyoming Continued Unincorporated Territories:
Wyoming Natural Resource Board American Samoa:
City of Cheyenne Board of Public Utilities Government of American Samoa

'ommonwealth: Guam:
Puerto Rico: Government of Guam

Department of Public Works Virgin Islands of the United States:
Economic Development Administration Government of the Virgin Islands 
Water Resources Authority



U.S. GEOLOGICAL SURVEY OFFICES

MAIN CENTERS

Main Office: General Services Building, 18th and F Streets NW., Washington, D.C., 20242; 343-1100.
Rocky Mountain Center: Federal Center, Denver, Colo., 80225; Belmont 3-3611. 

Pacific Coast Center : 345 Middlefield Road, Menlo Park, Calif., 94025 ; Davenport 5-6761.

Location
Alaska, Anchorage, 90501 
California, Los Angeles, 90014 
California, San Francisco, 94111 
Colorado, Denver, 80202

Utah, Salt Lake City, 84101 
Texas, Dallas, 75202

Washington, Spokane, 99204

PUBLIC INQUIRIES OFFICES

Official in charge and telephone number 
Margaret I. Erwin (Broadway 2-8791) 
Lucy E. Birdsall (688-2850) 
Jean V. Molleskog (Yukon 6-3111, ext. 481) 
Lorene C. Young (Keystone 4-4151, ext.

379)
Maurine Clifford (Davis 8-2911, ext. 428) 
Mary E. Reid (Riverside 8-5611, ext. 3230)

Eva M. Raymond (Temple 8-2084, ext 30)

Address
503 Oordova Building.
1031 Bartlett Building, 215 West 7th Street. 
232 Appraisers Building. 
468 New Custom House.

437 Federal Building.
Room 602 Thomas Building, 1314 Wood

Street. 
South 157 Howard Street.

SELECTED FIELD OFFICES IN THE UNITED STATES AND PUERTO RICO

[Temporary offices not included; list current as of September 16, 1963]

Location 
Alaska, Anchorage, 99501

California, Los Angeles, 90014 

California, Sacramento, 95814

California, Taft, 93268 
Colorado, Denver, 80202

Colorado, Denver, 80202 

Colorado, Denver, 80225 

Colorado, Denver, 80202 

Colorado, Durango, 81300 

Louisiana, New Orleans, 70112 

Louisiana, Lafayette, 70500

Montana, Billings, 59100

CONSERVATION DIVISION

Official in charge * and telephone number 
Leo H. Saarela (m), (Broadway 2-8262), 
Alexander A. Wanek (c), (Broadway 8-

2794), and
Merwin H. Soyster (o), (Broadway 5-0511) 
Russell G. Wayland (c), and Leroy G.

Snow (o), (688-2849) 
Richard N. Doolittle (w) (449-2203)

Robert F. Evans (o) (Roger 5-4234) 
G. G. Frazier (o)

(Keystone 4-4151 Ext. 356) 
H. B. Lindeman (m)

(534-4151 Ext. 1-278) 
George H. Horn (c)

(303 233-3611 Ext. 8168) 
Wm. C. Senkpiel (w)

(Keystone 4-4151 Ext. 389) 
Jerry W. Long (o)

(247-5144) 
Admiral D. Acuff (o)

(529-2411 Ext. 6543) 
Robert M. Bennett (b)

(Center 4-1637)

Ray M. Bottomley (m)
(252-2280)

Address 
P.O. Box 259;

Rm. 507 Cordova Building, 555 Cordova 
Street.

1012 Bartlett Building,
215 West 7th Street. 

8030 Federal Building,
650 Capitol Avenue. 

P.O. Box CC. 
448 New Custom House.

456 New Custom House. 

Denver Federal Center.

816 University Building,
910 16th Street. 

P.O. Box 1809,
Jarvis Building, 125 West 10th Street. 

T-6009 Federal Building,
701 Loyola Avenue. 

P.O. Box 3884;
301 Federal Building,
Jefferson and Main Streets. 

323 Federal Building;
P.O. Box 2250.

*The small letter in parentheses following each official's name denotes branch affiliation in the Conservation Division as 
follows: b Branch of Connally Act Compliance, c Branch of Mineral Classification, m Branch of Mining Operations, o  
Branch of Oil and Gas Operations, w Branch of Waterpower Classification.
A252
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Location 
Montana, Billings, 59100

Montana, Great Falls, 59400 

Montana, Great Falls, 59400 

New Mexico, Artesia, 88210

New Mexico, Carlsbad, 88220 

New Mexico, Farmington, 87401

New Mexico, Hobbs, 88240 

New Mexico, Roswell, 88201

Oklahoma, Holdenville, 74848 

Oklahoma, McAlester, 74501 

Oklahoma, Miami, 75354 

Oklahoma, Oklahoma City, 73102

Oklahoma, Tulsa, 74103

Oregon, Portland, 97208 

Texas, Kilgore, 75662

Texas, Midland, 79701 

Texas, Victoria, 77901 

Utah, Salt Lake City, 84111

Washington, Tacoma, 48402 

Wyoming, Casper, 82601

Wyoming, Newcastle, 82701 

Wyoming, Rock Springs, 82901

Wyoming, Thermopolis, 82443

Official in charge and telephone number 
Hillary A. Oden (o)

(252-2880) 
Andrew F. Bateman (c)

(452-2008) 
John A. Fraher (o)

(453-6901) 
James A. Knauf (o)

(746-4841)

Robert S. Fulton (m) and 
Bruno R. Alto (c).

(Tuxedo 5-6454) 
Philip T. McGrath (o)

(325-4572)

Arthur R. Brown (o)
(Express 3-3612) 

J. A. Anderson (o) and 
T. F. Stipp (c),

(622-1332) 
Gerhardt H. W. Schuster (o)

(Franklin 9-3840) 
A. M. Dinsmore (m)

(Garden 3-5030) 
Andrew V. Bailey (m)

(Kimball 2-9481) 
Charley W. Nease (o)

(Central 6-2311)

Edward L. Johnson (c) and 
N. Orvis Frederick (o)

(Luther 4-7161) 
Loyd L. Young (w)

(Belmont 4-3351 x 577) 
Warren W. Mankin (b)

(5564)

Everett H. Patterson (b) 
(Mutual 4-6741)

John I. Watson (b) 
(Hillcrest 5-1841)

Ernest Blessing (m), 
Willard C. Gere (c),and 
Donald F. Russell (o),

(Davis 8-2911 x 430, 429, 433) 
Gordon C. Giles (w)

(Market 7-1271) 
J. R. Schwabrow (o) and 
Donald M. Van Sickle (c),

(23-7-2561) 
Glenn E. Worden (o)

(74-6-4554) 
John Duletsky (o),

(362-6422), and 
Arne A. Mattila (m),

(362-7350) 
Charles P. Clifford (o)

(864-3477)

Address 
327 Federal Building;

P.O. Box 1435. 
510 First Avenue North ;

P.O. Box 2265. 
510 First Avenue North;

P.O. Box 1215. 
210 Carper Building,

105 South 4th Street;
Drawer U. 

504A No. Canal Street;
Box 1716.

Box 959;
Petroleum Club Plaza Building,

3535 E. 30th Street. 
205 No. Linam Street;

Box 1157. 
Farnsworth Building,

120 W. 2nd Street;
P.O. Drawer 1857. 

P.O. Box 789;
5 Federal Building. 

509 South 3rd Street.

205 Federal Building;
P.O. Box 509. 

Room 4321 Federal,
Court House and Office Building,
220 NW 4th Street. 

521 Wright Building,
115 West 3rd Street.

P.O. Box 3087;
411 Old Post Office Building. 

P.O. Box 1230;
Rader Building,
901-903 Broadway Building. 

P.O. Box 1830;
805 Petroleum Life Building,
Texas and Colorado Streets. 

P.O. Box 2550;
228 Federal Building,
Main and Church Streets. 

420 Empire Building,
231 East 4th South.

Rm. 244 Federal Building;
P.O. Box 1152. 

305 Federal Building,
P.O. Box 400.

611 South Summit Street; 
P.O. Box 231.

201 First Security Building, 
502 S. Front Street; 
P.O. Box 1170.

202 Federal Building; 
P.O. Box 590.
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Location 
Alaska, College, 99735

GEOLOGIC DIVISION

Geologist in charge and telephone number 
Robert M. Chapman (3263)

California, Los Angeles, 90000 John T. McGill (GRanite 3-0971, ext. 9881)

Hawaii, Hawaii National Park, 96718 James G. Moore

Hawaii, Honolulu, 96800 Charles G. Johnson

Kansas, Lawrence, 66044 Windsor L. Adkison (Viking 3-2700)

Kentucky, Lexington, 40500 
Maryland, Beltsville, 20705

Massachusetts, Boston, 02100 
New Mexico, Albuquerque, 87100

Ohio, Columbus, 43200

Pennsylvania, Mt. Carmel, 17851

Puerto Rico, Roosevelt, 00900 
Tennessee, Knoxville, 37900 
Utah, Salt Lake City, 84100 
Washington, Spokane, 99200 
Wisconsin, Madison, 53700

Wyoming, Laramie, 82070

Location
Arlington, Va., 22200 
Rolla, Mo., 65401 
Denver, Colo., 80200

Menlo Park, Calif., 94025

Location

Atlantic Coast Area 
Arlington, Va., 22200 
Midcontinent Area 
St. Louis, Mo., 63100 
Rocky Mountain Area 
Denver, Colo., 80200 
Pacific Coast Area 
Menlo Park, Calif., 94025

Paul W. Richards (4-2473)
Louis Pavlides (GRanite 4-4800, ext. 468)

Lincoln R. Page (KEnmore 6-1444) 
Charles B. Read (CHapel 7-0311, ext. 483)

James M. Schopf (AXminister 4-1810)

Jacques F. Robertson (339-4390)

Watson H. Monroe (San Juan 6-5340) 
Robert A. Laurence (2-7787) 
Lowell S. Hilpert (DAvis 8-2911) 
Albert E. Weissenborn (TEmple 8-2084) 
Carl B. Dutton (ALpine 5-3311, ext. 2128)

J. David Love (FRanklin 5-4495)

TOPOGRAPHIC DIVISION

Engineer in charge and telephone number 
Charles F. Fuechsel (Jackson 5-7550) 
Daniel Kennedy (Emerson 4-3680) 
Roland H. Moore (Lakewood Belmont

3-3611, ext. 548)
Roy F. Thurston (Palo Alto Davenport 

5-6761, ext. 4311)

WATER RESOURCES DIVISION

Official in charge * and telephone number

Area Offices
George E. Ferguson, Division Hydrologist,

(737-1820) 
Harry D. Wilson, Jr., Division Hydrologist,

(621-8100) 
Sherman K. Jackson, Division Hydrologist,

(233-3611) 
Warren W. Hastings, Division Hydrologist,

(325-6761)

Address 
P.O. Box 4004;

Brooks Memorial Building. 
Geology Building,

University of California. 
Hawaiian Volcano

Observatory. 
District Building 96,

Fort Armstrong, 
c/o State Geological Survey,

Lindley Hall,
University of Kansas. 

496 Southland Drive. 
U.S. Geological Survey

Building, 
Department of Agriculture

Research Center. 
270 Dartmouth Street, Room 1. 
P.O. Box 4083, Station A;

Geology Building,
University of New Mexico. 

Orton Hall, Ohio State
University, 

155 South Oval Drive. 
P.O. Box 366;

56 West 2d Street. 
P.O. Box 803. 
11 Post Office Building. 
231 East 4th Street. 
South 157 Howard Street. 
222 Science Hall,

University of Wisconsin. 
Geology Hall,

University of Wyoming.

Address
1109 N. Highland Street. 
Post Office Box 133; 9th and Elm Streets. 
Federal Center Building 25.

345 Middlefield Road.

Address

George Washington Building, Arlington 
Towers, 1011 Arlington Boulevard.

Room 1252 Federal Building, 1520 Market 
Street.

Building 25, Denver Federal Center.

345 Middlefield Road.

*The small letters in parentheses following each official's name signifies his affiliation in the Water Resources Division, 
as follows: g Ground Water Branch; q Quality of Water Branch; s Surface Water Branch; w Water Resources 
Division.
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Location

Alabama, University, 35486

Alaska, Anchorage, 99500 
Alaska, Juneau, 99801

Alaska, Palmer, 99645 
Arizona, Tucson, 85700

Arkansas, Little Bock, 72200

California, Menlo Park, 94025 
California, Sacramento, 95800

Colorado, Denver, 80200

Connecticut, Hartford, 06100 
Connecticut, Middletown, 06457 
Delaware, Dover, 19901

Florida, Ocala, 32670 

Florida, Tallahassee, 32300 

Georgia, Atlanta, 30300

Hawaii, Honolulu, 96800

Idaho, Boise, 83700

Illinois, Champaign, 61820 
Indiana, Indianapolis, 46200

Iowa, Iowa City, 52240 

Kansas, Lawrence, 66044 

Kansas, Topeka, 66600 

Kentucky, Louisville, 40200

Louisiana, Baton Rouge, 70800

Maine, Augusta, 04300 

Maryland, Baltimore, 21200 

Maryland, College Park, 20740

Official in charge and telephone number

District Offices
William J. Powell (g) and Lamar B. 
Carroon (s), (752-44104) 
Melvin V. Marcher (g), (Broadway 2-8333) 
Ralph B. Marsh (s), (586-2815)

Robert G. Schupp (q), (Pioneer 5-3450) 
Horace M. Babcock (g) and Douglas D.

Lewis (s), (623-7731, ext. 291 and 294) 
Richard T. Sniegocki (g), (372-4361, ext.

270)
John H. Bubble (q), (372-4361, ext. 219) 
Ivan D. Yost(s), (372-4361, ext. 706) 
WalterHofmann (s), (325-6761) 
FredKunkel (g), (449-2563) and

Eugene Brown (q), (449-3174) 
John W. Odell (s), (233-3611, ext. 6444)

and Leonard A. Wood (g), (233-3611,
ext. 546)

John Horton (s), (527-3281, ext. 257) 
John A. Baker (g), (346-6986) 
Philip P. Fannebecker (s), (Redfield

4-2506) 
Kenneth A. MacKichan (q) and Archibald

O. Patterson (s) (622-6513) 
Clyde S. Conover (g), (224-1202, 224-1203)

Harlan B. Counts (g), (688-5996)
Albert N. Cameron (s), (876-3311, ext.

5218) 
Dan A. Davis (g), (58-831, ext. 260)

Mearle M. Miller (s), (58-831, ext. 251)

Wayne I. Travis (s), (344-4031) 
Herbert A. Waite (g), (342-5441) 
William D. Mitchell (s), (356-5221) 
Malcolm D. Hale (s), (634-8734) and

Claude M. Roberts (g), (634-9757) 
Vernal R. Bennion (s), (337-9345) 
Walter L. Steinhilber (g), (338-1173) 
Robert J. Dingman (g), (843-2700, ext

559) 
Edward J. Kennedy (s), (233-0521)

Robert V. Cushman (g) and Floyd F.
Schrader (s), (584-1361, ext. 8235
and 8236) 

FayN. Hansen (s), (924-4215)

Stanley F. Kapustka (q), (824-4215) 

Rex R. Meyer (g), (343-2873)

Gordon S. Hayes (s) and Glenn C. Prescott
(g), (623-4511, ext. 250) 

Edmond G. Otton (g) (235-0771)

WilliamE.Forrest (s), (927-6348)

Address

P.O. Box V; Oil and Gas Board Building, 
University of Alabama.

Room 29, Federal Building.
P.O. Box 2659; Room 203, Simpson Build­ 

ing, 222 Seward Street.
P.O. Box 36; Wrlght Building.
P.O. Box 4070; Geology Building, Univer­ 

sity of Arizona Campus.
Room 2307, Federal Building.

Room 2007, Federal Building.
Room 2301. Federal Building.
345 Middlefield Road.
Rooms 8024 and 8042, Federal Building,

650 Capitol Avenue. 
Denver Federal Center, Building 25.

P.O. Box 715; Room 203, Federal Building. 
Room 204, Post Office Building. 
P.O. Box 707; 604 Fairview Avenue.

Room 244, Federal Building.

P.O. Box 2315, Gunter Building (Corner of
Tennessee and Woodward Streets). 

Room 416, 19 Hunter Street, Southwest. 
Room 164, Peachtree Seventh Building.

Room 332, First Insurance Building, 1100
Ward Avenue. 

Room 330, First Insurance Building, 1100
Ward Avenue.

Room 215, 914 Jefferson Street. 
Room 205,914 Jefferson Street. 
605 South Neil Street. 
Room 407,611 North Park Avenue.

508 Hydraulic Laboratory- 
Geology Annex, State University of Iowa. 
c/o University of Kansas.

P.O. Box 856; Room 403,
Federal Building. 

Room 310, Center Building,
522 West Jefferson Street.

Room 215, Prudential Building,
6554 Florida Boulevard. 

Room 201, Prudential Building,
6554 Florida Boulevard. 

P.O. Box 8516; University Station,
Room 43, Atkinson Hall,
'Louisiana State University. 

Vickery Hill Building, Court Street.

Room 103, Latrobe HaU, The Johns 
Hopkins University.

P.O. Box 37; Room 106, Engineering Class­ 
room Building, University of Maryland.
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Location 
Maryland, Rockville, 20850

Massachusetts, Boston, 02100 

Michigan, Lansing, 48900 

Minnesota, St. Paul, 55100

Mississippi, Jackson, 39200

Missouri, Rolla, 65401 
Montana, Billings, 59100

Montana, Helena, 59600 

Nebraska, Lincoln, 68500

Nevada, Carson City, 89700 
New Jersey, Trenton, 08600

New Mexico, Albuquerque, 87100

New Mexico, Santa Fe, 87500 
New York, Albany, 12200

North Carolina, Raleigh, 27600

North Dakota, Bismarck, 58500 
North Dakota, Grand Forks, 58200 
Ohio, Columbus, 43200

Oklahoma, Oklahoma City, 73100

Oregon, Portland, 97200

Pennsylvania, Harrisburg, 17100 

Pennsylvania, Philadelphia, 19100

Puerto Rico, San Juan, 00900 
Rhode Island, Providence, 02900

South Carolina, Columbia, 29200

South Carolina, Columbia, 29200 
South Dakota, Huron, 57350 
South Dakota, Pierre, 57501 
Tennessee, Chattanooga, 37400

 Official in charge and telephone number 
JohnW. Wark (q), (762-2885)

Richard G. Peterson (g), 223-2822) 
Charles E. Knox (s), (223-2824) 
Arlington D. Ash (s), (489-2431) and 
Gerth E. Hendrickson (g), (489-7913) 
David B. Anderson (s), (222-8011, ext. 265) 
Richmond H. Brown (g), (222-8011, ext.

260)
Joe W. Lang (g), (354-3881, ext. 328) and 
William H. Robinson (s), (354-3881, ext.

326)
Anthony Homyk, Jr. (s), (364-1599) 
Charles W. Lane (g), (259-2412)

Frank Stermitz (s), (442^890)

Don M. Culbertson (q), Charles K. Keech 
(g), and Floyd F. Lefever (s), 

<( 435-3273, ext. 346, 323, and 328) 
George F. Worts, Jr. (w), (472-1388) 
John E. McCall (s), (394-5301, ext. 214)

Alien Sinnott (g), (394-5301, ext. 213)

Samuel W. West (g) and Jay M. Stow (q),
(247-0311, ext. 2248 and 2249) 

Wilbur L. Heckler (s), (982-1921) 
Ralph C. Heath (g), Donald F. Dougherty

(s), Felix H. Pauszek (q), (463-5581) 
Granville A. Billingsley (q), Granville G»

Wyrick (g), (828-4345) ; Edward B.
Rice (s), (834-6427) 

Harlan M. Erskine (s), (223-3525) 
Delbert W. Brown (g), (774-7221) 
John J. Molloy (s), (221-6411, ext. 113) 
George W. Whetstone (q), (221-6411, ext.

118)
Stanley E. Norris (g), (221-6411, ext. 281) 
Alvin R. Leonard (g), (236-2311, ext. 412)

Richard P. Orth (q), (677-5022) 
Alexander A. Fischback, Jr. (s),

(236-2311, ext. 257) 
Roy B. Sanderson (s), Bruce L. Fox worthy

(g), and Leslie B. Laird (q),
(226-3361, ext. 239, 236, and 241) 

Joseph E. Barcley (g), (238^925) 
Robert E. Steacy (s), (238-5151, ext. 2724) 
Norman H. Beamer (q), (627-6000, ext.

274)
Dean B. Bogart (w), (723-3989) 
William B. Alien (g), (331-9312)

Albert E. Johnson (s), (252-2449)

George E. Siple (g), (253-7478)
JohnE. Powell (g), (352-8584)
JohnE. Wagar (s), (224-7856)
Joseph S. Cragwall, Jr. (w), (226-2725)

Address
Room 3, Abbey Building, 

3 North Perry Street.
Room 206, 211 Congress Street.
Room 205, 211 Congress Street.
Room 407, Capitol Savings and Loan Build­ 

ing.
Room 1610, New Post Office Building.
Room 1002, New Post Office Building.

P.O. Box 2052: Room 300, U.S. Post Office 
Building.

P.O. Box 138; 900 Pine Street. 
P.O. Box 1818 ; Bell Building,

2 South 7th Street West. 
P.O. Box 1696; Room 409,

Federal Building. 
Room 125, Nebraska Hall,

901 North 17th Street.

P.O. Box B; 222 E. Washington Street. 
P.O. Box 967 ; Room 433,

Federal Building. 
P.O. Box 1238; Room 432,

Federal Building. 
P.O. Box 4217 ; Geology Building,

University of New Mexico. 
P.O. Box 277; 227 East Palace Avenue. 
P.O. Box 948; Rooms 342, 343, 348,

Federal Building. 
P.O. Box 2S57 ; 4th Floor,

Federal Building.

P.O. Box 750; Room 7, 202% 3d Street.
Box 8213 University Station.
1509 Hess Street.
2822 East Main Street.
Room 554, U.S. Post Office Building,

85 Marconi Boulevard. 
Room 4011, Federal Building,

200 Northwest 4th Street. 
P.O. Box 4355; 2800 South Eastern. 
Room 4301, Federal Building,

200 Northwest 4th Street. 
P.O. Box 3418; Old Post Office Building,

511 NW Broadway.

100 North Cameron Street.
1224 Mulberry Street.
Room 1302, U.S. Custom House,

2d and Chestnut Streets. 
1209 Fernandez Juncos Avenue, Santurce. 
Room 401-2, Federal Building,

U.S. Post Office. 
Room 121, Veterans Administration

Regional Office Building,
1801 Assembly Street. 

P.O. Box 5314 ; 627 Bull Street. 
P.O. Box 1412 ; Room 231, Federal Building. 
P.O. Box 216; Room 207, Federal Building. 
Room 823, Edney Building.



Locution 
Texas, Austin, 78700

Utah, Salt Lake City, 84100

Virginia, Charlottesville, 22900 

Washington, Tacoma, 98400 

West Virginia, Charleston, 25300 

West Virginia, Morgantown, 26500 

Wisconsin, Madison, 53700

Wyoming, Cheyenne, 82000 

Wyoming, Worland, 82401

Location 
Bolivia, La Paz

Brazil, Rio de Janeiro

ihile, Santiago 

Dahomey, Cotonou 

Germany, Heidelberg

Indonesia, Bandung 

Pakistan, Quetta 

Philippines, Manila 

Thailand, Bangkok 

Thailand, Bangkok

Location 
Afghanistan, Kabul

Brazil, Recife 

Brazil, Rio de Janeiro

OFFICES EST OTHER COUNTRIES

Official in charge and telephone number 
Charles H. Hembree (q), Alien G. Winslow 

(g), and Trigg Twichell (s), (476-6411) 
Russell H. Langford (q), (328-2911, ext.

596)
Ted Arnow (g), (328-2911, ext. 434) 
Milton T. Wilson (s), (328-2911, ext. 435)

James W. Gambrell (s), (293-2127)

Arthur A. Garrett (g), (474-4261)
Fred M. Veatch (s), (383-1491)
William C. Griffin (s), (343-6181, ext. 311)

Gerald Meyer (g), (542-8103)

Charles R. Holt, Jr. (g), (255-3311, ext.
2329)

Kenneth B. Young (s), (256-4411, ext. 494) 
Ellis D. Gordon (g) and Leon A. Wiard (s),

(634-2731, ext. 37 and 23) 
Thomas F. Hanley (q), (347-2181)

A257
Address 

Vaugrhn Building, 807 Brazos Street.

Room 305, Empire Building, 231 East 4th
South. 

Room 125, Empire Building, 231 East 4th
South. 

Room 130, Empire Building, 231 East 4th
South. 

P.O. Box 3327; University Station, Natural
Resources Building, McCormick Road. 

3020 South 38th Street. 
Room 207, Federal Building. 
3303 New Federal Office Building, 500 Quar-

rier Street East. 
University of West Virginia, 405 Mineral

Industries Building.
Room 175 Science Hall, University of Wis­ 

consin.
Room 699, State Office Building. 
P.O. Box 177, Frangos Building, 2123 Carey

Avenue. 
1214 Big Horn Avenue.

OFFICES IN OTHER COUNTRIES

GEOLOGIC DIVISION

Geologist in Charge 
Charles M. Tschanz

Alfred J. Bodenlos 

Walter Danilchik 

Jules A. MacKallor 

Jerald M. Goldberg

Robert F. Johnson 

John A. Reinemund 

Joseph F. Harrington 

Louis S. Gardner 

Charles T. Pier^on

Mailing Address
U.S. Geological Survey, U.S. AID/Bolivia, c/o Ameri­ 

can Embassy, La Paz, Bolivia.
U.S. Geological Survey, .U.S. AID/Rio, APO 676, New 

York, N.Y.
U.S. Geological Survey, c/o American Embassy, Santi­ 

ago, Chile.
U.S. Geological Survey, U.S. AID/Cotonou, U.S. De­ 

partment of State, Washington, D.C., 20523.
U.S. Geological Survey Team Representative (Europe), 

USAREUR Engineer Intelligence Center, AiPO 403, 
New York, N.Y.

U.S. Geological Survey, U.S. AID/American Embassy, 
APO 156, San Francisco, Calif.

U.S. Geological Survey, U,.S. AID/American Embassy, 
APO 271, New York, N.Y.

U.S. Geological Survey, c/o American Embassy, APO 
928, San Francisco, Calif.

U.S. Geological Survey/USOM, c/o American Embassy, 
APO 146, San Francisco, Calif.

U.S. Geological Survey/UN, c/o American Embassy, 
APO 146, San Francisco, Calif.

WATER RESOURCES DIVISION

Official in charge and telephone number Mailing Address
Robert H. Brigham U.S. Geological Survey, U.S. AID/Kabul, U.S. Depart­ 

ment of State, Washington, D.C., 20523.
Stuart L. Schott (g) and U.S. Geological Survey, U.S. AID/Brazil (Recife),
Leonard J. Snell (s) APO 676, New York, N.Y.
Dagfin J. Cederstrom U.S. Geological Survey, U.S. AID/Brazil, APO 676,

New York, N.Y.
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Official in charge and telephone number Mailing Address 
Iran, Tehran* Alvin F. Jones U.S. Geological Survey, Branch of Foreign Hydrology,

Washington, D.C., 20242. 
Libya, Tripoli James R. Jones U.S. Geological Survey, U.S. AID/Libya, APO 231, New

York, N.Y. 
Nepal, Katmandu Daniel E. Havelka U.S. Geological Survey, U.S. AID/N, APO 959, Box

Kat, San Francisco, Calif. 
Nigeria, Kaduna David A. Phoenix U.S. Geological Survey, U.S. AID/Lagos (Kaduna),

U.S. Department of State, Washington, D.C., 20523. 
Pakistan, Lahore Maurice J. Mundorff U.S. Geological Survey, U.S. AID/Pakistan, APO 271,

New York, N.Y. 
Sudan, Khartoum* Harry G. Rodis U.S. Geological Survey, Branch of Foreign Hydrology,

Washington, D.C., 20242. 
Tunisia, Tunis Vinton C. Fishel U.S. Geological Survey, c/o U.S. AiID/Tunis, U.S. Dept.

of State, Washington, D.C., 20523. 
Turkey, Ankara C. Richard Murray U.S. Geological Survey, U.S. Economic Coordinator/

Ankara, APO 254, New York, N.Y. 
United Arab Republic, Egypt, Cairo Raymond W. Sundstrom U.S. Geological Survey, U.S. AID/Cairo, U.S. Dept. of

State, Washington, D.C., 20523.

*Program terminated August 1963.



NVESTIGATIONS IN PROGRESS IN THE GEOLOGIC, WATER RESOURCES, AND CONSER­ 
VATION DIVISIONS

Investigations in progress during fiscal year 1963 are 
isted below, together with the names and headquarters 
>f the individuals in charge of each. Headquarters at 
nain centers are indicated by (W) for Washington,

.C., (D) for Denver, Colo., and (M) for Menlo Park,
ialif. Headquarters in other cities are indicated by

i lame; see list of offices (p. A252) for addresses. Lower-
;ase letter following the name of the project leader
[hows the division technical responsibility: c, Conserva-
ion Division; w, Water Resources Division (g, Ground

ater Branch; s, Surface Water Branch; q, Quality of
ater Branch; h, General Hydrology Branch); no 

etter, Geologic Division.
The projects are classified by principal topic. Most 

eologic-mapping projects involve special studies of 
stratigraphy, petrology, geologic structure, or mineral 
leposits, but are listed only under Geologic Mapping 
mless a special topic or commodity are the primary 
ustification for the project. A reader interested in 
nvestigations of volcanology, for example, should look 
inder the heading Geologic Mapping for projects in 
ireas of volcanic rocks, as well as under the heading 
Volcanology. Likewise, most water-resources investi­ 
gations involve special studies of several aspects of 
.ydrology and geology, but are listed only under Water
.esources unless the special topic such as floods or
dimentation is the primary justification for the 
reject.
Areal geologic mapping is subdivided into mapping 

t scales smaller than 1 inch to 1 mile (for example,
: 250,000), and mapping at scales of 1 inch to 1 mile, 

or larger (1: 62,500; 1: 24,000).
Analytical chemistry:

Analytical methods water chemistry (M. W. Skougstad,
q, D) 

Analytical services and research (I. May, W; L. F. Rader,
Jr., D; R. E. Stevens, M) 

Determination of microquantities of NH4+1 in water (G.
Stratton, q, Columbus, Ohio) 

Organic geochemistry and infrared analysis (I. A. Breger,
W)

Organic substances in water (W. L. Lamar, q, M) 
Rock and mineral chemical analysis (J. J. Fahey, W) 
Rock chemical analysis, general (L. C. Peck, D) 
Rock chemical analysis, rapid (L. Shapiro, W) 
Trace analysis methods, research (F. N. Ward, D) 
Trace analysis service (F. N. Ward, D) 
Bee also Spectroscopy.

Artificial recharge:
Artificial recharge at Kalamazoo, Mich. (J. E. Reed, g,

Lansing) 
Artificial recharge of aquifers (R. T. Sniegocki, g, Little

Rock, Ark.) 
Artificial recharge of basalt aquifers, Salem Heights, Oreg.

(B. L. Foxworthy, g, Portland) 
Artificial recharge of basalt aquifers, The Dalles, Oreg.

(B. L. Foxworthy, g, Portland) 
Artificial recharge of the Grand Prairie region, Arkansas 

ground water (R. T. Sniegocki, g, Little Rock) 
Experimental recharge basin surface water (R. M.

Sawyer, s, Albany, N.Y.) 
Recharge studies on the High Plains, N. Mex. (J. S.

Havens, g, Albuquerque) 
Water application and use on a range water spreader,

northeast Montana (F. A. Branson, h, D) 
Asbestos:

Arizona, McFadden Peak and Blue House quadrangles (A.
F. Shride, D)

Vermont, north-central (W. M. Cady, D) 
Barite:

Arkansas (D. A. Brobst, D) 
Base .metals: 

Colorado:
Tenmile Range and Kokomo mining district (M. H.

Bergendahl, D)
Wet Mountains (M. R. Brock, D) 

Montana, Philipsburg area (W. C. Prinz, W) 
Nevada, Antler Peak quadrangle (R. J. Roberts, M) 
Utah, San Francisco Mountains (D. M. Lemmon, M) 
See also 'base-metal names.

Bauxite:
Aeromagnetic prospecting (A. Jespersen, W) 
Hawaii, Kauai (S. H. Patterson, W) 
Southeastern United States (E. F. Overstreet, W) 

Beryllium:
Alaska, Lost River mining district (C. L. Sainsbury, D) 
Beryllium in volcanic and associated rocks, western United

States (D. R. Shawe, D) 
Colorado:

Lake George district (C. C. Hawley, D) 
Mt. Antero (W. N. Sharp, D) 

Nevada, Mt. Wheeler mine area (D. E. Lee, M) 
Utah, Thomas and Dugway Ranges (M. H. Staatz, D) 

Bibliographies and abstracts:
Bibliography of North American geology (M. Cooper, W) 
Geochemical exploration abstracts (E. L. Markward, D) 
Geophysical abstracts (J. W. Clarke, W) 
Index of literature on Alaskan geology (E. H. Cobb, M) 
Vanadium, geology and resources, bibliography (J. P. Ohl, 

D)
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Borates:
Borate marshes of California, Oregon, and^Nevada (W. C.

Smith, M) 
California:

Furnace Creek area (J. F. McAllister, M) 
SearlesLake area (G. I. Smith, M)

Chromite. See Ferro-alloy metals.    
Clays:

Colorado Plateau (L. G. Schultz, D) 
Idaho, Greenacres quadrangle (P. L. Weis, W) 
Kentucky, eastern (J.W. Hosterman, W) 
Maryland, statewide studies (M. M. Knechtel, W) 
Washington:

Eastern (J. W. Hosterman, W) 
Greenacres quadrangle (P. L. Weis, W) 

Clay-water relations:
Compacted clay minerals as semipermeable membranes and 

their effect on water chemistry (B. B. Hanshaw, 
ft W)

Liquid movement in clays (H. W. Olsen, g, W) 
Solubility of kaolinite (W. L. Polzer, q, M) 

Contamination, water:
Arsenic in ground water, Lane County, Oreg. (A. S. Van

Denburgh, q, Portland) 
Cadmium-chromium contamination in ground water, Nassau

County, N.Y. (N. M. Perlmutter, g, Albany) 
Ground-water contamination (H. E. LeGrand, g, W) 
Sewage lagoon study (W. F. Harris, g, Tuscaloosa, Ala.) 
Thermal loading of streams (H. Messinger, q, W) 
See also Radioactive-waste disposal. 

Coal:
Minor elements in coal (P. Zubovic, W) 
Alabama:

Resources of State (W. C. Culbertson, D) 
Warrior quadrangle (W. C. Culbertson, D) 

Alaska:
Beluga-Yentna area (F. F. Barnes, M) 
Matanuska, stratigraphic studies (A. Grantz, M) 
Nenana, coal investigations (C. Wahrhaftig, M) 

Arizona, Navajo Reservation, fuels potential (R. B. O'Sul-
livan, D) 

Arkansas:
Arkansas Basin investigations (B. R. Haley, D) 
Ft. Smith district (T. A. Hendricks, D) 

Colorado:
Animas River area (H. Barnes, D)
Anthracite NW and Snowmass SW quadrangles (D. L.

Gaskill, c, D)
Carbondale coal field (J. R. Donnell, D) 
Cerro Summit quadrangle (R. G. Dickinson, c, D) 
Fort Lupton, Hudson, and Platteville quadrangles (P.

E. Soister, c, D) 
Hot Sulphur Springs and Kremmling quadrangles

(G. A. Izett, c, D) 
Montrose 1 SW, 1 SE, and 4 NE quadrangles (R. G.

Dickinson, c, D)
Trinidad coal field (R. B. Johnson, D) 

Iowa, resources of State (B. R. Landis, D) 
Kentucky:

Eastern part of State (K. J. Englund, W) 
Jellico West and Ketchen quadrangles (K. J. Englund, 

W)

Coal Continued 
Montana:

Adel NW and Craig NE quadrangles (K. S. Soward, c,
Great Falls)

Anaconda 3 NW quadrangle (A. A. Wanek, c, D) 
Black Butte quadrangle (A. W. Bateman, c, Great

Falls)
Castagne quadrangle (H. L. Smith, c, D) 
Cooney Reservoir quadrangle (A. A. Wanek, c, D) 
Gardiner SW quadrangle (G. D. Fraser, c, D) 
Powder River coal fields (N. W. Bass, D) 
Rapids and Montaqua quadrangles (A. A. Wanek, c, D) 
Roberts quadrangle (H. D. Zeller, c, D) 
Roscoe NE quadrangle (E. D. Patterson, c, W) 

New Mexico:
Animas River area (H. Barnes, D)
Raton coal basin, eastern (G. H. Dixon, D)
Raton coal basin, western (C. L. Pillmore, D)
San Juan Basin, east side (C. H. Dane, W)
Withdrawn coal area, San Juan basin (J. E. Fassett, c,

Farmington)
Ohio, Belmont County (H. L. Berryhill, Jr., D) 
Oklahoma, Ft. Smith district (T. A. Hendricks, D) 
Pennsylvania:

Anthracite-mine drainage projects, geology in vicinity
of (J. F. Robertson, Mt. Carmel) 

Anthracite region, flood control (M. J. Bergin, Mt.
Carmel) 

Bituminous coal resources of State (E. D. Patterson,
W)

Southern anthracite field (G. H. Wood, Jr., W) 
Washington County (H. L. Berryhill, Jr., D) 
Western Middle anthracite field (H. Arndt, W) 

South Dakota, Harding County and adjacent areas (G. N.
Pipiringos, D) 

Tennessee:
Ivy dell and Pioneer quadrangles (K. J. Englund, W) 
Jellico West and Ketchen quadrangles (K. J. Englund,

W) 
Utah:

Hurricane fault (southwestern Utah) (P. Averitt, D) 
Navajo Reservation, fuels potential (R. B. O'Sullivan,

D)
Nipple Butte quadrangle (H. A. Waldrop, c, D) 
Ogden 4 quadrangle (T. A. Mullens, c, D) 
Kolob Terrace coal field, southern (W. B. Cashion, D) 

Virginia, Big Stone Gap district (R. L. Miller, W) 
Washington, Maple Valley, Hobart and Cumberland quad­ 

rangles (J. D. Vine, M) 
Wyoming:

Adam Weiss Peak quadrangle (W. L. Rohrer, c, D) 
Carbon and Northern Laramie basins (H. J. Hyden,

c, D)
Ferris quadrangle (R. L. Rioux, c, D) 
Fish Lake and Kissinger Lakes quadrangles (W. L.

Rohrer, c, D)
Oregon Buttes area (H. D. Zeller, c, D) 
Riddle Cut quadrangle (H. McAndrews, c, Casper) 
Sheep Mountain and Tatman Mountain quadrangles

(W. L. Rohrer, c, D) 
Construction and terrain problems:

Deformation research (D. J. Varnes, D) 
Lunar terrain studies (C. R. Warren, W)
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Construction 'and terrain problems Continued 
Mudflow studies (D. R. Crandell, D)
Nuclear-explosion effects (W. E. Hale, Albuquerque, N.M.) 

Alaska:
Mt. Hayes D-3 and D-4 quadrangles (T. L. Pewe,

College) 
Northeastern Alaska coastal plain and foothills (C. R.

Lewis, W) 
Origin and stratigraphy of ground ice in central Alaska

T. L. Pewe, College) 
Project CHABIOT (harbor construction) (G. D. Eberlein,

M) 
Surflcial and engineering geology:

Anchorage-Matanuska Glacier area (T. N. V.
Karlstrom, W)

Bristol Bay area (E. H. Muller, Ithaca, N.Y.) 
Construction-materials sources (T. L. P6w£,

College) 
Copper River Basin northeastern, (O. J. Ferrians,

Jr., W) 
Copper River Basin, southeastern, (D. R. Nichols,

W) 
Copper River Basin, southwestern, (J. R. Williams,

W)
Eastern Denali Highway (D. R. Nichols, W) 
Johnson River district (H. L. Foster, W) 
Kenai lowland (T. N. V. Karlstrom, W) 
Kobuk River valley (A. T. Fernald, W) 
Lower Chitina Valley (L. A. Yehle, W) 
Mt. Chamberlain area (C. R. Lewis, W) 
Seward-Portage Railroad (T. N. V. Karlstrom, W) 
Slana-Tok area (H. R. Schmoll, W) 
Steese Highway area (W. E. Davies, W) 
Taylor Highway area (H. L. Foster, W) 
Upper Tanana River (A. T. Fernald, W) 
Valdez-Tiekel belt (H. W. Coulter, W) 
Yukon-Koyukuk lowland, (F. R. Weber, College) 

California:
Los Angeles area (J. T. McGill, Los Angeles) 
Morrison quadrangle (J. H. Smith, Corbin, Ky.) 
Oakland East quadrangle (D. H. Radbruch, M) 
Palo Alto quadrangle (E. H. Pampeyan, M) 
Point Dume quadrangle (R. H. Campbell, M) 
San Francisco North quadrangle (J. Schlocker, M) 
San Francisco South quadrangle (M. G. Bonilla, M) 
San Mateo quadrangle (G. O. Gates, M) 

Colorado:
Air Force Academy (D. J. Varnes, D) 
Black Canyon of the Gunnison River (W. R. Hansen, D) 
Denver metropolitan area (R. M. Lindvall, D) 
Golden quadrangle (R. Van Horn, D) 
Morrison quadrangle (J. H. Smith, Corbin, Ky.) 
Pueblo and vicinity (G. R. Scott, D) 
Roberts Tunnel (C. S. Robinson, D) 
Straight Creek tunnel (C. S. Robinson, D) 
Upper Green valley (W. R. Hansen, D) 

District of Columbia, Washington metropolitan area (H. W.
Coulter and C. F. Withington, W) 

Greenland, terrain studies (W. E. Davies, W) 
Iowa, Omaha-Council Bluffs and vicinity (R. D. Miller, D) 
Maryland, Washington, D.C., metropolitan area (H. W. 

Coulter and C. F. Withington, W)

Construction and terrain problems Continued 
Massachusetts:

Application of geology and seismology to public-works 
planning (C. R. Tuttle and R. N. Oldale, Boston)

Boston and vicinity (C. A. Kaye, Boston, Mass.)
Sea-cliff erosion studies (C. A. Kaye) 

Montana:
Fort Peck area (H. D. Varnes, D)
Great Falls area (R. W. Lemke, D)
Wolf Point area (R. B. Oolton, W) 

Nebraska:
Franklin, Webster, and Nuckolls Counties (R. D. Mil­ 

ler, D)
Omaha-Council Bluffs and vicinity (R. D. Miller, D)
Valley County (R. D. Miller, D) 

Nevada Test Site, site studies (R. E. Davis, D) 
New Mexico, Nash Draw quadrangle (L. M. Gard, D) 
Oregon, Portland industrial area (D. E. Trimble, D) 
South Dakota:

Fort Randall Reservoir area (H. D. Varnes, D)
Rapid City area (E. Dobrovolny, D)

Tennessee, Knoxville and vicinity (J. M. Cattermole, Co­ 
lumbia, Ky.) 

Utah:
Coal-mine bumps (F. W. Osterwald, D)
Oak City area (D. J. Varnes, D)
Salt Lake City and vicinity (R. Van Horn, D)
Upper Green River valley (W. R. Hansen, D) 

Virginia:
Herndon quadrangle (R. E. Eggleton, M)
Washington, D.C., metropolitan area (H. W. Coulter

and C. F. Withington, W) 
Washington:

Portland industrial area (D. E. Trimble, D)
Puget Sound (D. R. Crandell, D)
Seattle and vicinity (D. R. Mullineaux, D) 

Copper:
Massive sulflde deposits (A. R. Kinkel, Jr., W)
Sandstone copper deposits, southwest United States (C. B.

Read, Albuquerque, N. Mex.) 
Alaska, southern Brooks Range (W. P. Brosg6, M) 
Arizona:

Benson and Mammoth quadrangles (S. C. Creasey, M)
Globe-Miami area (D. W. Peterson, M)
Klondyke quadrangle (F. S. Simons, D)
Little Dragoons area (J. R. Cooper, D)
Lochiel and Nogales quadrangles (F. S. Simons, D)
Twin Buttes area (J. R. Cooper, D)

Colorado, Lisbon Valley area (G. W. Weir, Berea, Ky.) 
Michigan, Michigan copper district (W. S. White, W) 
Nevada, Ely district (A. L. Brokaw, D) 
New Mexico, Silver City region (W. R. Jones, D) 
North Carolina, Swain County district (G. H. Espenshade,

W) 
Tennessee, Ducktown district and adjacent areas (R. M.

Hernon, D) 
Utah:

Bingham Canyon district (R. J. Roberts, M)
Deer Flat area, White Canyon district (T. L. Finnell, 

D)
Lisbon Valley area (G. W. Weir, Berea, Ky.)
White Canyon area (R. E. Thaden, Columbia, Ky.) 

Crustal studies. See Geophysics, regional.
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Detergents:
Behavior of detergents and other pollutants in soil-water

environments (C. H. Wayman, q, D) 
Evaporation:

Evaporation from lakes and reservoirs (J. S. Meyers, s, D) 
Evaporation measurement (J. S. Meyers, s, D) 
Mechanics of evaporation (J. S. Meyers, s, D) 
Pond-evaporation study (F. N. Lee, s, Baton Rouge, La.) 
Reservoir evaporation, San Diego County, Calif. (W. Hof-

mann, s, M)
Evaporation suppression (G. E. Koberg, s, D) 
Evapotranspiration:

Effect of removing riparian vegetation, Cottonwood Wash,
Ariz. (J. E. Bowie, s, Tucson) 

Evapotranspiration theory and measurement (O. E. Lep-
panen, h, Phoenix, Ariz.) 

Hydrologic effects of vegetation modification (R. M. Myrick,
s, Tucson, Ariz.) 

Natural water loss, southern California (J. R. Crippen, s,
M) 

Phreatophyte study, Gila River, Ariz. (R. C. Culler, h,
Tucson)

Use of water by saltcedar in evapotranspirometers com­ 
pared with energy budget and mass transfer com­ 
putations (T. E. A. Van Hylckama, h, Phoenix, 
Ariz.) 

Engineering geologic studies. See Construction and terrain
problems. 

Extraterrestrial studies:
Cratering, impact, and thermal investigations:

Experimental hypervelocity impact studies (H. J.
Moore, M)

Impact metamorphism (E. C. T. Chao, W) 
Shock-phase studies (D. J. Milton, M) 
Tension fractures and thermal investigation (A. H.

Lachenbruch, M)
Terrestrial impact structures (E. M. Shoemaker, M) 
Thermoluminescence and mass physical properties

(C. H. Roach, D) 
Lunar experiments:

Lunar physical properties, measuring techniques (E. M.
Shoemaker, M) 

X-ray fluorescence equipment for lunar studies (I. Ad-
ler, W) 

Lunar mapping:
Lunar stratigraphy and structure (R. J. Hackman, W;

C. H. Marshall, M)
Lunar photometry (W. A. Fischer, W) 
Lunar-terrain studies (C. R. Warren, W) 

Tektite and meteorite investigations :
Magnetic properties of tektites (A. N. Thorpe, W)
Chemistry of tektites (F. Cuttitta, W)
Mineralogy and petrology of meteorites and tektites

(E. C. T. Chao, W) 
Ferro-alloy metals:

Molybdenum-rhenium resource studies (R. U. King, D) 
California:

Chromite deposits, northern California (F. G. Wells,
W)

Nickel deposits, Klamath Mountains (P. E. Hotz, M) 
Tungsten, Bishop district (P. C. Bateman, M) 

Idaho, Blackbird Mountain area (J. S. Vhay, Spokane, 
Wash.)

Ferro-alloy metals Continued 
Montana:

Ohromite resources and petrology, Stillwater Complex
(E. D. Jackson, Houston, Tex.) 

Manganese deposits, Philipsburg area (W. C. Prinz,
W)

Nevada, Osgood Mountains quadrangle (P. E. Hotz, M) 
North Carolina, Hamme tungsten deposit (J. M. Parker,

Raleigh) 
Oregon:

John Day area (T. P. Thayer, W) 
Nickel deposits, Klamath Mountains (P. E. Hotz, M) 

Utah, San Francisco Mountains (D. M. Lemmon, M) 
Flood characteristics of streams at selected sites: 

Alabama (C. O. Ming, s, Tuscaloosa) 
Florida, (R. W. Pride, s, Ocala) 
Georgia (C. M. Bunch, s, Atlanta) 
Illinois (W. D. Mitehell, s, Champaign) 
Kentucky (C. H. Hannum, s, Louisville) 
Mississippi (K. V. Wilson, s, Jackson) 
Nebraska (E. W. Beckman, s, Lincoln) 
Puerto Rico (I. J. Hickenlooper, w, San Juan) 
Tennessee (I. J. Hickenlooper, w, Chattanooga) 
Wyoming (J. R. Carter, s, Cheyenne) 

Flood discharge from small drainage areas: 
Arizona (B. N. Aldridge, s, Tucson) 
California (L. E. Young, s, M) 
Illinois (W. D. Mitehell, a, Champaign) 
Iowa (H. H. Schwob, s, Iowa City) 
Kansas (L. W. Furness, s, Topeka) 
Massachusetts (C. G. Johnson, Jr., s, Boston) 
Mississippi (K. V. Wilson, s, Jackson) 
Missouri (E. H. Sandhaus, s, Rolla) 
Montana (F. C. Boner, s, Helena) 
Nebraska (E. W. Beckman, s, Lincoln) 
Nevada (E. E. Harris, w, Carson) 
North Dakota (O. A. Crosby, s, Bismarck) 
South Dakota (R. E. West, s, Pierre) 
Vermont (C. G. Johnson, Jr., s, Boston, Mass.) 
Washington, effect of pondage on peak flows from small

drainage areas (B. N. Aldridge, s, Tacoma) 
Flood frequency:

Comparison of methods of flood-frequency analysis (H. A.
Ray, s, M)

Flood frequency, nationwide (T. Dalrymple, s, W) 
Flood volume, duration, frequency (G. A. Kirkpatrick, s,

W) 
Flood magnitude and frequency, North Atlantic Slope

 basin (R. H. Tice, s, Trenton, N.J.) 
Iowa, flood profiles and flood-frequency studies (H. H.

Schwob, s, Iowa City)
Kentucky, flood-frequency study (J. A. McCabe, s, Louis­ 

ville) 
New Jersey:

Flood depth and frequency (D. M. Thomas, s, Trenton) 
Flood magnitude and frequency (D. M. Thomas, s,

Trenton) 
North Carolina, flood-frequency studies (H. G. Hinson, s,

Raleigh) 
South Carolina, flood-frequency studies (F. W. Wagener,

s, Columbia) 
Tennessee, flood-frequency analysis (W. J. Randolph, w,

Chattanooga) 
Texas, flood-frequency studies (W. H. Goines, s, Austin)
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lood frequency Continued
Washington, magnitude and frequency of floods on small 

drainage areas in eastern Washington (B. N. 
Aldridge, J. C. Blodgett, s, Tacoma) 

Wisconsin, regional flood frequency (D. W. Ericson. s,
Madison) 

Tlood-inundation mapping:
Flood-inundation maps (G. W. Edelen, Jr., s, W) 
California, Lower Eel River (L. E. Young, s, M) 
Illinois, northeastern (W. D. Mitchell, s, Champaign) 
Mississippi (J. D. Shell, s, Jackson) 
New Jersey (D. M. Thomas, s, Trenton) 
New York:

Flood-inundation mapping (S. F. Dougherty, s> Albany) 
Flood-inundation mapping and low-flow gaging, Bock- 

land County (G. B. Ayer, s, Albany) 
North Carolina (G. G. Goddard, s, Raleigh) 
Puerto Rico:

Humacaoarea (M. A. Lopez, w, San Juan) 
Lower Rio de la Plata area (M. A. Lopez, w, San Juan) 
Manatiarea (M. A. L6pez, w, San Juan) 
Mayaguez area (M. A. Lopez, w, San Juan) 
Ponce area (M. A. Lopez, w, San Juan) 

Texas, White Rock Creek (C. R. Gilbert and F. H. Ruggles,
s, Austin) 

Flood investigations, areal:
Floods of 1963 (T. Dalrymple, s, W) 
Flood reports (T. Dalrymple, s, W) 
Alabama:

Flood gaging (L. E. Carroon, s, Tuscaloosa) 
Local floods (L. B. Peirce, s, Tuscaloosa) 

Arizona, Maricopa County, flood investigations (J. E. Bowie,
s, Tucson) 

Arkansas, flood investigations (R. C. Christensen, s, Little
Rock) 

California, flood-hazard in San Diego County (L. E. Young,
s,M)

California and Nevada, floods of January-February 1963 
(S. B. Rantz, s, M, and E. E. Harris, s, Carson City, 
Nev.) 

Georgia:
Areal flood studies (C. M. Bunch, s, Atlanta) 
Flood gaging (C. M. Bunch, s, Atlanta) 

Hawaii, flood gaging, Oahu (S. H. Hoffard, s, Honolulu) 
Kansas, storage requirements to control high flow (L. W.

Furness, s, Topeka) 
Louisiana:

Flood investigations (V. B. Sauer, s, Baton Rouge) 
Flood of April 1962 near Baton Rouge (J. D. Camp, s,

Baton Rouge) 
Flood profile, Sabine River near Logansport (E. M.

Miller, s, Baton Rouge)
Floods in southeastern Louisiana rainfall runoff re­ 

lations (F. N. Hansen, s, Baton Rouge) 
New Jersey, flood warning (J. E. McCall, s, Trenton) 
New York, peak discharge of ungaged streams (S. H.

Hladio, s, Albany)
North Carolina, flood gaging (H. G. Hinson, s, Raleigh) 
South Carolina, Santee River basin flood study (A. E. John­ 

son, s, Columbia)
Tennessee, Chattanooga Creek, flood profiles (A. M. F. 

Johnson, w, Chattanooga)

708-043 O-63-18

Flood investigations, areal Continued 
Texas:

Hydrologic effects of flood-retarding structures (F. W.
Kennon, s, Austin) 

Special flood and hydrologic investigations (W. H.
Goines, s, Austin)

Utah, flood gaging (Elmer Butler, s, Salt Lake City) 
Virginia:

Fairfax County and Alexandria City flood hydrology
(D. G. Anderson, s, Charlottesville) 

Flood investigations (C. W. Lingham, s, Charlottes­ 
ville)

Wyoming, flood investigations (J. R. Carter, s, Cheyenne) 
Fluorspar:

Colorado, Poncha Springs and Bonanza quadrangles (R. E.
Van Alstine, W)

Utah, Thomas and Dugway Ranges (M. H. Staatz, D) 
Foreign nations, geologic investigations:

Bolivia, mineral resources and geologic mapping advising
and training (C. M. Tschanz, La Paz) 

Brazil:
Base-metal resources (A. J. Bodenlos, Rio de Janeiro) 
Geologic education (A. J. Bodenlos, Rio de Janeiro) 
Iron and manganese resources, Minas Gerais (J. V. N.

Dorr II, W) 
Chile, mineral resources and national geologic mapping

(W. Danilchik, Santiago) 
Dahomey, minerals reconnaissance (J. A. MacKallor,

Cotonou, Dahomey) 
Greenland, eastern surficial geology construction-site

planning (W. E. Da vies, W) 
Indonesia (R. F. Johnson, Bandung) 
Libya, industrial minerals and national geologic map (G. H.

Goudarzi, W) 
Pakistan, mineral-resources development advisory and

training (J.A. Reinemund, Quetta)
Philippines, iron, chromite, and nonmetallic mineral re­ 

sources (J. F. Harrington, Manila)
Thailand, economic geology and mineral industry expan­ 

sion advisory (L. S. Gardner, Bangkok) 
Foreign nations, hydrologic investigations. See Water resources,

other nations.
Fuels, organic. See Coal, Oil shale, Petroleum and natural gas. 
Gas, natural. See Petroleum and natural gas. 
Geochemical distribution of the elements:

Botanical exploration and research (H. L. Cannon, D) 
Colorado Plateau (A. T. Miesch, D) 
Data of Geochemistry (M. Fleischer, W) 
Data of rock analyses (M. Hooker, W) 
Distribution of radioactivity (S. Rosenblum, W) 
Geochemical sampling and statistical analysis of data (A.

T. Miesch, D)
Geochemistry of minor elements (G. Phair,) 
Minor-element distribution in black shale (J. D. Vine, M) 
Minor elements in coal (P. Zubovic, W) 
Minor elements in volcanic rocks (R. R. Coats, M) 
Sedimentary rocks, chemical composition (H. A. Tourtelot,

D)
Synthesis of ore-mineral data (D. F. Davidson, D) 
Areal studies:

California, Sierra Nevada batholith, geochemical study
(F. Dodge, M) 

Colorado, Mount Princeton area (P. Toulmin III, W)
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Geochemical distribution of the elements Continued 
Areal studies Continued

Georgia, biogeochemical reconnaissance (H. T. Shack-
lette, D)

Montana, Boulder batholith, petrochemistry (R. I. Til­ 
ling, W) 

Nevada, Mt. Wheeler mine area, beryllium distribution
(D. E. Lee, M) 

Wisconsin, Driftless Area, geochemical survey (H. T.
Shacklette, D) 

Geochemical prospecting methods:
Botanical exploration and research (H. L. Cannon, D) 
Dispersion pattern of minor elements related to igneous

intrusions (W. R. Griffltts, D)
Geochemical exploration abstracts (E. L. Markward, D> 
Instrument-development laboratory (W. W. Vaughn, D) 
Mineral exploration methods (G. B. Gott, D) 
Mobile spectrographic laboratory (F. N. Ward, D) 
Plant analysis laboratory (F. N. Ward, D) 
Areal studies:

Alaska, geochemical prospecting techniques (R. M.
Chapman, College) 

Arizona and New Mexico, geochemical halos of mineral
deposits (L. C. Huff, Manila, P.I.) 

Maine:
Geochemical mapping (E. V. Post, D)
The Forks quadrangle (F. C. Canney and E. V.

Post, D)
Utah and Nevada, geochemical halos of mineral de­ 

posits, (R. L. Erickson, D) 
Geochemistry, experimental:

'Alkali and alkaline-earth salt systems (E. Zen, W) 
Environment of ore deposition (P. Toulmin III, W) 
Evaporite-mineral equilibria (E. Zen, W) 
Fluid inclusions in minerals (E. W. Roedder, W) 
Geologic thermometry (E. H. Roseboom, Jr., W) 
Hydrothermal silicate systems (P. Toulmin III, W) 
Hydrothermal solubility (G. W. Morey, W) 
Metallic sulfides and sulfosalt systems (P. Toulmin III, W) 
Organic geochemistry and infrared analysis (I. A. Breger,

W)
Rock weathering and alteration (J. J. Hemley, M) 
Solubilities of minerals in aqueous fluids (P. Toulmin III,

W)
Solution-mineral equilibria (C. L. Christ, W) 
Thermodynamic properties of minerals (E. H. Roseboom,

Jr., W) 
Geochemistry and petrology, field studies:

Cave deposits, stratigraphy and mineralogy (W. E. Davies,
W)

Clay studies, Colorado Plateau (L. G. Schultz, D) 
Geochemical sampling and statistical analysis of data (A.

T. Miesch, D)
Geochemistry of minor elements (G. Phair, W) 
Green River Formation, mineralogy and geochemistry (C.

Milton, W)
Humates, geology and geochemistry (V. E. Swanson, D) 
Igneous rocks of Southeastern United States (C. Milton, W) 
Jasperoids (T. G. Lovering, D)
Metamorphic rocks and ore deposits (R. G. Coleman, M) 
Pacific Coast basalts, geochemistry (K. J. Murata, M) 

 Pierre Shale, chemical and physical properties, Montana, 
North Dakota, South Dakota, Wyoming, and Ne­ 
braska (H. A. Tourtelot, D)

Geochemistry and petrology, field studies Continued
Rare-earth elements, resources and geochemistry (J. W.

Adams, D)
Sedimentary-petrology laboratory (H. A. Tourtelot, D) 
Selenium, resources and geochemistry (D. F. Davidson, D) 
Taconic sequence, Massachusetts, New York, and Connec­ 

ticut (E. Zen, W) 
Thermal waters, origin and characteristics (D. E. White,

M)
Alaska, petrology and volcanism, Katmai National Monu­ 

ment (G. H. Curtis, M) 
California:

Burney area (G. A. Macdonald, Honolulu, Hawaii) 
Franciscan Formation, glaucophane schist (R. G. Cole­ 

man, M) 
Sierra Nevada batholith, geochemistry study (F. Dodge,

M) 
Colorado:

Colorado Front Range, Boulder Creek batholith (G.
Phair, W) 

Colorado Front Range, Laramide intrusives (G. Phair,
W)

Minturn quadrangle (T. S. Lovering, D) 
Mount Princeton area, distribution of elements (P.

Toulmin III, W)
Wet Mountains, wallrock alteration (G. Phair, W) 

Hawaii, Hawaiian volcanology (J. G. Moore, Hawaii Na­ 
tional Park, Hawaii) 

Idaho, central Snake River plain, volcanic petrology (H. A.
Powers, D) 

Montana:
Bearpaw Mountains, petrology (W. T. Pecora, W) 
Boulder batholith, petrochemistry (R. I. Tilling, W) 
Stillwater Complex, petrology and chromite resources

(E. D. Jackson, W)
Wolf Creek area, petrology (R. G. Schmidt, W) 

New Mexico:
Grants area, mineralogy of uranium-bearing rocks (A.

D. Weeks, W)
Valles Mountains (R. L. Smith, W)

New York, Gouverneur area, metamorphism and origin of 
mineral deposits (A. E. J. Engel, La Jolla, Calif.) 

South Carolina, igneous and metamorphic rocks of the pied­ 
mont (W. C. Overstreet, W)

Texas, Karnes and Duval Counties, mineralogy of uranium- 
bearing rocks (A. D. Weeks, W) 

Wisconsin, geochemical survey of the Driftless Area (H. T.
Shacklette, D) 

Wyoming:
Green River Formation, geology and paleolimnology

(W. H. Bradley, W)
Yellovvstone Park, thermal waters (G. W. Morey, W) 

Geochemistry, water:
Chemistry of atmospheric precipitation (A. W. Gambell,

Jr., q, W)
Chloride concentration in precipitation from extra-tropical 

storms, New Jersey (E. C. Rhodehamel, g, Tren­ 
ton) 

Composition of supercritical fluids in the system KjO-AljOs-
SiCv-H2O (C. J. Spengler, q, W)

Effect of physical factors on exchange reactions occurring 
during water flow through porous media (Jacob 
Rubin, h, M)
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Geochemistry, water Continued
Fluoride in ground water, Horry County area, South Caro­ 

lina (N. Baker, q, W) 
Fluoride in ground water, northwestern Florida (L. Toler,

q, Ocala)
Geochemical controls of water quality (Ivan Barnes, q, W) 
Geochemistry of ground water in the Englishtown Forma­ 

tion, New Jersey (P. R. Seaber, g, Trenton) 
Geochemistry of water in carbonate rocks (W. Back, g, W) 
Hydrosolic metals in natural water (J. D. Hem, q, D) 
Ion exchange in water chemistry (G. Stratton, q, Columbus,

Ohio)
Investigations of cesium in natural waters (H. C. White- 

head, q, M) 
Mineral constituents in ground water and their origin

(J. H. Feth, g, M) 
Minor constituents in the Belle Fourche River, South

Dakota (L. R. Petri, q, Lincoln, Nebr.)
Occurrence and distribution of minor elements in fresh and 

saline waters of California (W. D. Silvey, q, Sacra­ 
mento) 

Occurrence and distribution of radioelements in water
(R. C. Scott, q, D) 

Occurrence and distribution of the rare halogens (I. Barnes,
q, W)

Solute composition and minor element distribution in lacus­ 
trine closed basins (B. F. Jones, q. W) 

Solute-solid relations in lacustrine closed basins of the
alkali-carbonate type (B. F. Jones, q, W) 

Spatial distribution of chemical constituents in ground
water, Eastern United States (W. Back, g, W) 

Geochronology:
Carbon-14 method (M. Rubiu, W)
Geologic time scale (S. S. Goldich, W)
K/A and Rb/Sr methods (H. H. Thomas and C. E. Hedge,

W, and R. Kistler, M) 
Lead-alpha method (T. W. Stern, W) 
Lead-uranium method (P. Banks, W) 
Radioactive-disequilibrium studies (J. N. Roshol, D) 
Southeastern Alaska (G. D. Eberlein and M. A. Lanphere,

M)
See also Isotope and nuclear studies. 

Geologic mapping:
Map scale smaller than 1 inch to 1 mile:

Colorado Plateau, geologic maps (2-degree sheets) (D.
G. Wyant, D) 

Colorado Plateau, photogeologic mapping (A. B. Olson,
W) 

Alaska:
Bristol Bay area, surflcial geology (E. H. Muller,

Ithaca, N.Y.) 
Buckland and Huslia Rivers area, west-central

Alaska (W. W. Patton, Jr., M) 
Central and northern Alaska Cenozoic (D. M. Hop- 

kins, M)
Charley River quadrangle (E. E. Brabb, M) 
Compilation of geologic maps, 1:250,000 quad­ 

rangles (W. H. Condon, M) 
Belong Mountains and Point Hope quadrangles

(I. L. Tailleur, M)
Fairbanks quadrangle (F. R. Weber, College) 
Geologic map of State (G. O. Gates, M) 
Hughes-Shungnak area (W. W. Patton, Jr., M) 
Iliamna quadrangle (R. L. Detterman, M)

Geologic mapping Continued
Map scale smaller than 1 inch to 1 mile Continued 

Alaska Continued
Kenai lowland, surficial geology (T. N. V. Karl-

strom, W)
Klukwan iron district (E. C. Robertson, W) 
Kobuk River valley (A. T. Fernald, W) 
Livengood quadrangle (B. Taber, M) 
Lower Yukon-Koyukuk area (W. W. Patton, Jr.,

M) 
Lower Yukon-Norton Sound region (J. M. Hoare,

M)
Nelchina area (A. Grantz, M) 
Northern Alaska petroleum investigations (G.

Gryc, M)
Southeastern Alaska, regional geology and min­ 

eral resources (R. A. Loney, M) 
Southern Brooks Range (W. P. BrosgS, M) 
Yukon-Koyuku lowland, engineering geology (F. R.

Weber, College) 
Antarctica:

Eights and Walgreen Coasts, reconnaissance geol­ 
ogy A. A. Drake, Jr., W) 

Western Antarctica, reconnaissance geology (E. L.
Boudette, W) 

Colorado:
Colorado National Monument (S. W. Lohman, g, D) 
Grand Junction 2-degree quadrangle (W. B.

Cashion, D)
Oil-shale investigations (D. C. Duncan, W) 

Idaho:
Central Snake River plain, volcanic petrology (H.

A. Powers, D)
Mackay quadrangle (C. P. Ross, D) 
South-central Idaho (C. P. Ross, D) 
Spokane-Wallace region (A. B. Griggs, M) 

Montana, Spokane-Wallace region (A. B. Griggs, M) 
Nevada:

Clark County (C. R. Longwell, M)
Esmeralda County (J. P. Albers, M)
Eureka County (R. J. Roberts, M)
Humboldt County (C. R. Willden, D)
Lincoln County (C. M. Tschanz, La Paz, Bolivia)
Lyon, Douglas, and Ormsby Counties (J. G. Moore,

Hilo, Hawaii) 
Nevada Test Site, reconnaissance (F. N. Houser,

D)
Nye County, northern part (F. J. Kleinhampl, M) 
Nye County, southern part (H. R. Cornwall. M) 
Pershing County (D. B. Tatlock, M) 

New Mexico, geologic map (C. H. Dane, W) 
Ohio, Glacial mapping (G. W. White and R. P. Gold-

thwait, g, Columbus) 
Oregon, geologic map (G. W. Walker, M) 
Utah, Grand Junction 2-degree quadrangle (W. B.

Cashion, D) 
Washington:

Grays Harbor basin, regional compilation (H. M.
Beikman, M)

Spokane-Wallace region (A. B. Griggs, M) 
Map scale 1 inch to 1 mile, and larger: 

Alabama:
Limestone County, Elkmont and Salem quadrangles

(W. M. McMaster, g, Tuscaloosa) 
Warrior quadrangle (W. C. Culbertson, D)
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Geologic mapping Continued
Map scale 1 inch to 1 mile, and larger Continued 

Alaska:
Aleutian Islands, eastern (R. E. Wilcox, D) 
Aleutian Islands, western (R. E. Wilcox, D) 
Aleutian Trench Trinity Island (G. W. Moore, M) 
Anchorage Matanuska Glacier area, surflcial geol­ 

ogy (T. N. V. Karlstrom, W) 
Beluga-Yentna area (F. F. Barnes, M) 
Project CHARIOT (harbor construction) (G. D.

Eberlein, M) 
Copper River Basin, northeastern, surflcial geology

(O. J. Ferrians, Jr., W) 
Copper River Basin, southeastern, surficial geology

(D. R. Nichols,W) 
Copper River Basin, southwestern, surficial geology

(J. R. Williams, W) 
Eastern Denali Highway, surficial geology (D. R.

Nichols, W)
Gulf of Alaska Tertiary province (G. Plafker, M) 
Heceta-Tuxekan area (G. D. Eberlein, M) 
Iniskin-Tuxedni region (R. L. Detterman, M) 
Johnson River district, surficial geology (H. L.

Foster, W) 
Katmai National Monument, petrology and volcan-

ism (G. H. Curtis, M)
Lost River mining district (C. L. Sainsbury, D) 
Lower Chitina Valley, surficial geology (L. A.

Yehle, W) 
Mt. Chamberlain area, surficial geology (C. R.

Lewis, W) 
Mt. Hayes D-3 and D-4 quadrangles (T. L. Pewe,

College) 
Mount Michelson area (E. G. Sable, Elizabethtown,

Ky.)
Nenana coal investigations (C. Wahrhaftig, M) 
Nome C-l and D-l quadrangles (C. L. Hummel,

M) 
Northeastern Alaska coastal plain and foothills

(C. R. Lewis, W) 
Seward-Portage Railroad, surficial geology (T. N.

V. Karlstrom, W) 
Slana-Tok area, surficial geology (H. R. Schmoll,

W) 
Steese Highway area, surficial geology (W. E.

Davies, W) 
Taylor Highway area, surficial geology (H. L.

Foster, W)
Tofty placer district (D. M. Hopkins, M) 
Upper Tanana River, surficial geology (A. T.

Fernald, W)
Valdez-Tiekel belt, surficial geology (H. W. Coul­ 

ter, W)
Windy-Curry area (R. Kachadoorian, M) 

Antarctica:
Horlick Mountains (A. B. Ford, W)
Pensacola Mountains (A. B. Ford, W)
Wrangell Mountains, southern (E. M. Mackevett,

Jr., M) 
Arizona:

Bradshaw Mountains (C. A. Anderson, W) 
Carrizo Mountains area (J. D. Strobell, D) 
Christmas quadrangle (C. R. Willden, D) 
Cibecue-Grasshopper area (T. L. Fimiell, D) 
Cochise County, southern part (P. T. Hayes, D)

Geologic mapping Continued
Map scale 1 inch to 1 mile, and larger Continued 

(Arizona Continued
Elgin quadrangle (R. B. Raup, D) 
Gila River basin, upper part (R. B. Morrison, D) 
Globe-Miami area (D. W. Peterson, M) 
Heber quadrangle (E. J. McKay, D) 
Holy Joe Peak quadrangle (M. H. Krieger, M) 
Klondyke quadrangle (F. S. Simons, D) 
Little Dragoons area (J. R. Cooper, D) 
Lochiel and Nogales quadrangles (F. S. Simons, D) 
McFadden Peak and Blue House Mountain quad­ 

rangles (A. F. Shride, D) 
Mammoth and Benson quadrangles (S. C. Creasey,

M)
Mount Wrightson quadrangle (H. Drewes, D) 
Navajo Reservation, fuels potential (R. B. O'Sulli-

van, D)
Prescott-Paulden area (M. H. Krieger, M) 
Show Low quadrangle (E. J. McKay, D) 
Twin Buttes area (J. R. Cooper, D) 

Arkansas:
Arkansas Basin, coal investigations (B. R. Haley,

D)
Ft. Smith district (T. A. Hendricks, D) 
Magnet Cove, niobium investigations (L. V. Blade,

Paducah, Ky.) 
Malvern quadrangle (W. Danilchik, Santiago,

Chile) 
Northern Arkansas, oil and gas investigations (E.

E. Glick, D) 
California:

Ash Meadows quadrangle (C. S. Denny, W)
Beatty area (H. R. Cornwall, M)
Big Maria, Little Maria, and Riverside Mountains

(W. B.Hamilton, D)
Bishop tungsten district (P. C. Bateman, M) 
Blanco Mountain quadrangle (C. A. Nelson, Los

Angeles)
Burney area (G. A. Macdonald, Honolulu, Hawaii) 
Coast Range ultramafic rocks (E. H. Bailey, M) 
Condrey Mountain quadrangle (P. E. Hotz, M) 
Cuvama Valley area (J. G. Vedder, M) 
Death Valley (C. B. Hunt, Baltimore, Md.) 
Funeral Peak quadrangle (H. Drewes, D) 
Furnace Creek area (J. F. McAllister, M) 
Independence quadrangle (D. C. Ross, M) 
Klamath Mountains, southern part (W. P. Irwin,

M)
Los Angeles area (J. T. McGill, Los Angeles) 
Los Angeles basin, eastern part (J. E. Schoellhamer,

W)
Malibu Beach quadrangle (R. F. Yerkes, M) 
Merced Peak quadrangle (D. L. Peck, Hawaii) 
Mojave Desert, south-central (T. W. Dibblee, Jr.,

M)
Mojave Desert, western (T. W. Dibblee, Jr., M) 
Mt. Diablo area (E. H. Pampeyan, M) 
Mt. Pinchot quadrangle (J. G. Moore, Hawaii) 
New York Butte quadrangle (W. C. Smith, M) 
Oakland East quadrangle (D. H. Radbruch, M) 
Palo Alto quadrangle (E. H. Pampeyan, M) 
Panamint Butte quadrangle (W. E. Hall, W) 
Point Dume quadrangle (R. H. Campbell, M)
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Geologic mapping Continued
Map scale 1 inch to 1 mile, and larger Continued 

California Continued
Sacramento Valley, northwest part (R. D. Brown,

Jr., W)
Salinas Valley (D. L. Durham, M) 
San Andreas fault (L. F. Noble, Valyermo) 
San Francisco North quadrangle (J. Schlocker, M) 
San Francisco South quadrangle (M. G. Bonilla,

M)
San Mateo quadrangle (G. O. Gates, M) 
San Nicolas Island (J. G. Vedder, M)) 
Searles Lake area (G. I. Smith, M) 
Shuteye Peak area (X. K. Huber, M) 
Sierra foothills mineral belt (L. D. Clark, M) 
Sierra Nevada batholith (P. C. Bateman, M) 
Sierra tungsten belt, eastern (X. K. Huber, M) 

Colorado:
Air Force Academy (D. J. Varnes, D)
Animas River area (H. Barnes, D)
Anthracite NW and Snowmass SW quadrangles

(D. L. Gaskill, c, D) 
Baggs area (G. E. Prichard, D) 
Berthoud Pass quadrangle (P. K. Theobald, D) 
Black Canyon of the Gunnison River (W. R. Han-

sen, D) 
Bottle Pass and Black Hawk quadrangles (R. B.

Taylor, D)
Boulder quadrangle (C. T. Wrucke, D) 
Bull Canyon district (C. H. Roach, D) 
Cameron Mountain quadrangle (M. G. Dings, D) 
Carbondale coal field (J. R. Donnell, D) 
Cerro Summit quadrangle (R. G. Dickinson, c,

D)
Creededistrict (T. A. Steven, D) 
Denver metropolitan area (R. M. Lindvall, D) 
Eldorado Springs quadrangle (J. D. Wells, W) 
Elk Springs quadrangle (J. R. Dyni, c, D) 
Empire quadrangle (W. A. Braddock, D) 
Fort Lupton, Hudson, and Platteville quadrangles

(P. E. Soister, c, D) 
Front Range, Fort Collins area (W. A. Braddock,

P)
Glenwood Springs quadrangle (N. W. Bass, D) 
Golden quadrangle (R. Van Horn, D) 
Grand-Battlement Mesa (J. R. Donnell, D) 
Green River Valley, upper part (W. R. Hansen, D) 
Holy Cross quadrangle (O. Tweto, D) 
Hot Sulphur Springs and Kremmling quadrangles

(G. A. Izett, c, D) 
La Sal area (W. D. Carter, W) 
Lafayette quadrangle (K. B. Ketner, D) 
Lake George district (C. O. Hawley, D) 
Lisbon Valley area (G. W. Weir, Berea, Ky.) 
Maybell-Lay area (M. J. Bergin, W) 
Montrose 1 SW, 1 SE, and 4 NE quadrangles (R.

G. Dickinson, c, D)
Morrison quadrangle (J. H. Smith, Corbin, Ky.) 
Mountain front area, east-central Front Range (D.

M. Sheridan, D) 
Mt. Antero (W. X. Sharp, D) 
Mt. Harvard quadrangle (M. R. Brock, D) 
North Park, eastern (D. M. Kinney, W) 
North Park, western (W. J. Hail, D)

Geologic mapping Continued
Map scale 1 inch to 1 mile, and larger Continued 

Colorado Continued
Poncha Springs and Bonanza quadrangles (R. E.

Van Alstine, W)
Powderhorn area (J. C. Olson, D) 
Pueblo and vicinity (G. R. Scott, D) 
Ralston Buttes (D. M. Sheridan, D) 
Rico-Animas area (A. L. Bush, D) 
Rico district (E. T. McKmght, W) 
San Juan mining area (R. G. Luedke, W) 
San Juan Mountains, western (A. L. Bush, D) 
Slick Rock district (D. R. Shawe, D) 
South Platte River, upper part (G. R. Scott, D) 
Squaw Pass, Evergreen, and Indian Hills quad­ 

rangles (D. M. Sheridan, D) 
Straight Creek tunnel (C. S. Robinson, D) 
Tenmile Range and Kokomo mining district (M. H.

Bergendahl, D)
Thornburg area (J. R. Dyni, c, D) 
Trinidad coal field (R. B. Johnson, D) 
Uravan district (R. L. Boardman, W) 
Fte Mountains (E. B. Ekren, D) 
Wet Mountains (M. R. Brock, D) 

Connecticut:
Ansonia, Milfords, Mount Carmel, and Southington

quadrangles bedrock (C. E. Fritts, D) 
Ashaway and Voluntown quadrangles bedrock

(T. G. Feiniuger, Boston, Mass.) 
Ashaway and Watch Hili3- quadrangles surficial

(J. P. Schafer, Boston, Mass.) 
Bristol and New Britain quadrangles bedrock

H. E. Simpson, D) 
Broad Brook and Manchester quadrangles (R. B.

Colton,W) 
Columbia, Fitchville, Marlboro, and Willimantic

quadrangles bedrock (G. L. Snyder, D) 
Danielson, Hampton, Plainfield, and Scotland quad­ 

rangles bedrock (H. R. Dixon, Boston, Mass.) 
Durham quadrangle (H. E. Simpson, D) 
Meriden quadrangle bedrock (P. M. Hanshaw,

Boston, Mass.) 
Montville, Mystic, and Uncasville quadrangles 

bedrock (R. Goldsmith, Boston, Mass-) 
New Hartford qiiadrangle (R. W. Schnabel, D) 
New London, Niantic, and Old Mystic quadrangles

(R. Goldsmith, Boston, Mass.) 
Southwick quadrangle (R. W. Schnabel, D) 
Springfield South quadrangle (J. H. Hartshorn and

C. Koteff, Boston, Mass.) 
Taconic sequence (E. Zen, W)
Tarrifville and Windsor Locks quadrangles bed­ 

rock (R. W. Schnabel, D) 
Tariffville quadrangle surficial (A. D. Randall,

g, Middletown) 
Thompson quadrangle (P. M. Hanshaw and H. R.

Dixon, Boston, Mass.) 
Watch Hill quadrangle bedrock (G. E. Moore,

Jr., Columbus, Ohio) 
West Springfield quadrangle (R. B. Colton, W. and

J. H. Hartshorn, Boston, Mass.)
District of Columbia, Washington metropolitan area 

(H. W. Coulter and C. F. Withington, W)



A268 INVESTIGATIONS IN PROGRESS IN THE GEOLOGIC, WATER RESOURCES, AND CONSERVATION DIVISIONS

Geologic mapping Continued
Map scale 1 inch to 1 mile, and larger Continued

Florida, laud-pebble phosphate deposits (J. B. Cathcart,
D) 

Greenland, Schuchert Dal, East Greenland, glacial
geology (J. S. Hartshorn, Boston, Mass.) 

Idaho:
American Falls region (D. E. Trimble, D)
Aspen Range Dry Ridge area (V. E. McKelvey,

W)
Bancroft quadrangle (S. S. Oriel, D) 
Big Creek quadrangle (B. F. Leonard, D) 
Blackbird Mountain area (J. S. Vhay, Spokane,

Wash.) 
Central Idaho, radioactive placer deposits (D. L.

Schmidt, W) 
Clarks Fork and Packsaddle Mountain quadrangles

(J. E. Harrison, W)
Coeur d'Alene mining district (S. W. Hobbs, D) 
Doublesprings quadrangle (W. J. Mapel, D) 
Driggs quadrangle (E. H. Pampeyan, c, M) 
Garns Mountain quadrangle (M. H- Staatz, c, D) 
Greenacres quadrangle (P. L. Weis, W) 
Irwin 1, 2, 4NE and 4NW quadrangle, (D. A. Jobin,

c, D)
Jarbidge area (R. R. Coats, M) 
Leadore and Patterson quadrangles (E. T. Ruppel,

D) 
Morrison Lake quadrangle (E. R. Cressman, Lex-

ington, Ky)
Mt. Spokane quadrangle (A. E. Weissenborn, Spo­ 

kane, Wash.)
Orofino area (A. Hietanen-Makela, M) 
Owyhee and Mountain City quadrangles (R. R.

Coats, M)
Riggins quadrangle (W. B. Hamilton, D) 
Soda Springs quadrangle (F. C. Armstrong, D)   
Thunder Mountain niobium area (R. L. Parker, D) 
Upper Valley quadrangle (R. L. Rioux, c, D) 
Yellow Pine quadrangle (B. F. Leonard, D) 

Illinois, zinc-lead mining district (J. W. Whitlow, W) 
Indiana, Owensboro quadrangle, Quaternary geology

(L.L.Ray, W)
Iowa, Omaho-Council Bluffs and vicinity (R. D. Mil­ 

ler, D) 
Kansas:

Shawnee County (W. D. Johnson, Jr., Lawrence) 
Wilson County (H. C. Wagner, M) 

Kentucky:
Note: The entire State of Kentucky is being mapped 

geologically by 7%-minute quadrangles under a 
cooperative program with the Kentucky Geological 
Survey. Forty quadrangles have been published 
and 216 more are currently in progress. Project is 
under the supervision of P. W. Richards, Lexing- 
ton, Ky. The following investigations are sepa­ 
rate from the cooperative mapping program : 
Eastern Kentucky coal investigations (K. J. Eng-

lund, W) 
Jellico West and Ketchen quadrangles, Tennessee

and Kentucky, (K. J. Englund, W) 
Owensboro quadrangle, Quaternary geology (L. L.

Ray, W) 
Southern Appalachian folded belt (L. D. Harris,

W)

Geologic mapping Continued
Map scale 1 inch to 1 mile, and larger Continued 

Maine:
Aroostook County, southern (L. Pavlides, W) 
Attean quadrangle (A. L. Albee, Pasadena, Calif.) 
Big Lake area (D. M. Larrabee, W) 
Greenville quadrangle (G. H. Espenshade, W) 
Kennebago Lake quadrangle (E. L. Boudette, W) 
Moosehead gabbro (G. H. Espenshade, W) 
Paleozoic stratigraphy, regional (R. B. Neuman,

W)
Stratton quadrangle, geophysical and geologic map­ 

ping (A. Griscom, W) 
The Forks quadrangle (F. C. Canney and E. V.

Post, D) 
Maryland:

Allegany County (W. de Wltt, Jr., W)
Harford County (D. Southwick, W)
Washington, D.C., metropolitan area (H. W.

Coulter and C. F. Withington, W) 
Massachusetts:

Assawompsett Pond quadrangle (C. Koteff, Bos­ 
ton) 

Athol quadrangle (D. F. Eschman, Ann Arbor,
Mich.)

Billerica, Lowell, Tyngsboro, and Westford quad­ 
rangles (R. H. Jahns, University Park, Pa.) 

Blue Hills quadrangle (N. E. Chute, Syracuse, N.Y.) 
Boston and vicinity (C. A. Kaye, Boston) 
Clinton and Shrewsbury quadrangles, bedrock (R.

F. Novotny, Boston) 
Concord quadrangle (N. P. Cuppels and C. Koteff,

Boston) 
Duxbury and Scituate quadrangles (X. E. Chute,

Syracuse, N.Y.)
Georgetown quadrangle (N. P. Cuppels, Boston) 
Lawrence, Reading, South Groveland, and Wilming- 

ton quadrangles, bedrock (R. O. Castle, Los 
Angeles, Calif.)

Norwood quadrangle (N. E. Chute, Syracuse, N.Y.) 
Plainfield quadrangle, bedrock (P. H. Osberg,

Orono, Maine) 
Reading and Salem quadrangles, surficial (R. N.

Oldale, Boston) 
Rowe and Heath quadrangles (A. H. Chidester, D,

and J. H. Hartshorn, Boston) 
Salem quadrangle, bedrock (P. Toulmin III, W) 
Southwick quadrangle (R. W. Schnabel, D) 
Springfield South quadrangle (J. H. Hartshorn and

and C. Koteff, Boston) 
Taconic sequence (E. Zen, W) 
Taunton quadrangle (J. H. Hartshorn, Boston) 
West Springfield quadrangle (R. B. Colt on, W, and

J. H. Hartshorn, Boston) 
Michigan:

Dickinson County, southern (R. W. Bayley, M)
Gogebic Range, eastern (W. C. Prinz, W)
Iron County, eastern (K. L. Wier, D)
Iron River-Crystal Falls district (H. L. James,

Minneapolis, Minn.)
Lake Algonquin drainage (J. T. Hack, W) 
Marquette district, eastern (J. E. Gair, D) 
Michigan copper district (W. S. White, W) 
Negaunee and Palmer quadrangles (J. E. Gair, D)



INVESTIGATIONS IN PROGRESS IN THE GEOLOGIC, WATER RESOURCES, AND CONSERVATION DIVISIONS A269

Geologic mapping Continued
Map scale 1 inch to 1 mile, and larger Continued 

Minnesota:
Cuyuna North Range (R. G. Schmidt, W)
Mesabi Vermilion Iron Range, surficial (B. D.

Cotter, g, St. Paul)
Mississippi, Tatum salt dome (W. S. Twenhofel, D) 
Missouri, southeastern lead deposits (T. H. Kiilsgaard,

W) 
Montana:

Adel NW and Craig NE quadrangles (K. S. Soward,
c, Great Falls)

Alberton quadrangle (J. D. Wells, W) 
Anaconda 3 NW quadrangle (A. A. Wanek, c, D) 
Bearpaw Mountains, petrology (W. T. Pecora, W) 
Black Butte quadrangle (A. W. Bateman, c, Great

Falls)
Boulder batholith area (M. R. Klepper, W) 
Browning area, Quaternary geology (G. M.

Richmond, D)
Castagne quadrangle (H. L. Smith, c, D) 
Clarks Fork and Packsaddle Mountain quadrangles

(J. E. Harrison, W)
Cooney Reservoir quadrangle (A. A. Wanek, c, D) 
Divide 2 SW quadrangle (G. D. Fraser, c, D) 
Duck Creek Pass quadrangle (W. H. Nelson, Hop-

kinsville, Ky.)
Fort Peck area (H. D. Varnes, D) 
Gardiner SW quadrangle (G. D. Fraser, c, D) 
Great Falls area (R, W. Lemke, D) 
Holter Lake quadrangle (G. D. Robinson, D) 
Livingston Trail Creek area (A. E. Roberts, D) 
Maudlow quadrangle (B. A. Skipp, D) 
Morrison Lake quadrangle (E. R. Cressman, Lex-

ington, Ky.)
Neihart 1 quadrangle (W. R. Keefer, D) 
Philipsburg area, manganese deposits (W. C.

Prinz, W)
Powder River coal fields (N. W. Bass, D) 
Rapids and Montaqua quadrangles (A. A. Wanek,

c, D)
Roberts quadrangle (H. D. Zeller, c, D) 
Roscoe NE quadrangle (E. D. Patterson, c, W) 
Southwestern part, ore deposits (K. L. Wier, D) 
Sun River Canyon area (M. R. Mudge, D) 
Tepee Creek quadrangle (I. J. Witkind, D) 
Three Forks quadrangle (G. D. Robinson, D) 
Thunder Mountain niobium area (R. L. Parker,

D)
Toston quadrangle (G. D. Robinson, D) 
Varney and Cameron quadrangles (J. B. Hadley,

W)
Willis quadrangle (W. B. Myers, D) 
Winnett-Mosby area (W. D. Johnson, Jr.,

Lawrence, Kans.)
Wolf Creek area, petrology (R. G. Schmidt, W) 
Wolf Point area (R. B. Colton, W) 

Nebraska:
Franklin, Webster, and Nuckolls Counties (R. D.

Miller, D) 
Omaha-Council Bluffs and vicinity (R. D. Miller,

D) 
Valley County (R. D. Miller, D)

Geologic mapping Continued
Map scale 1 inch to 1 mile, and larger Continued 

Nevada:
Antler Peak quadrangle (R. J. Roberts, M) 
Ash Meadows quadrangle (C. S. Denny, W) 
Beatty area (H. R. Cornwall, M) 
Cortez quadrangle (J. Gilluly, D) 
Ely district (A. L. Brokaw, D) 
Eureka, Pinto Summit, and Bellevue Peak quad­ 

rangles (T. B. Nolan, W) 
Fallon area (R. B. Morrison, D) 
Frenehie Creek quadrangle (L. J. P. Muffler, M) 
Horse Creek Valley quadrangle (H. Masursky, M) 
Humboldt Range, Unionville and Buffalo Mountain

quadrangles (R. E. Wallace, M) 
Jarbidge area (R. R. Coats, M) 
Kobeh Valley (T. B. Nolan, W, and C. W. Merriam,

M)
Las Vegas-Lake Mead area (C. R. Longwell, M) 
Montello area (R. G. Wayland, c, Los Angeles,

Calif.) 
Mt- Lewis and Crescent Valley quadrangles (J.

Gilluly, D) 
Nevada Test Site, geologic studies (F. A. Mc-

Keown, D)
Nevada Test Site, site studies (R. E. Davis, D) 
Nevada Test Site, underground air storage (R. B.

Johnson, D)
Osgood Mountains quadrangle (P. E. Hotz, M) 
Owyhee and Mountain City quadrangles (R. R.

Coats, M) 
Paradise Peak quadrangle (C. J. Vitaliano, Bloom-

ington, Ind.)
Pioche district (C. M. Tschanz, La Paz, Bolivia) 
Railroad district (J. F. Smith, Jr., D) 
Schell Creek Range (H. D. Drewes, D) 
Snake Range, Wheeler Peak and Garrison quad­ 

rangles (D. H. Whitebread, M) 
Sonoma Range, northern, orogenic processes (J.

Gilluly, D) 
New Jersey:

Delaware River basin, lower (J. P. Owens, W) 
Delaware River basin, middle (A. A. Drake, Jr.,

W)
Selected iron deposits (A. F. Buddington, Prince- 

ton, N.J.) 
New Mexico:

Animas River area (H. Barnes, D)
Carrizo Mountains area (J. D. Strobell, D)
Franklin Mountains (R. L. Harbour, Quetta,

Pakistan)
Gila River basin, upper part (R. B. Morrison, D) 
Grants area (R. E. Thaden, Columbia, Ky.) 
Laguna district (R. H. Moench, D) 
Las Vegas quadrangle, western half (E. H. Baltz,

g, Albuquerque)
Manzano Mountains (D. A. Myers, D) 
Nash Draw quadrangle (L. M. Gard, D) 
Oscura Mountains, southern part, and northern San

Andres Mountains (G. O. Bachman, D) 
Philmont Ranch quadrangle (G. D. Robinson, D) 
Raton coal basin, eastern (G. H. Dixon, D) 
Raton coal basin, western (C. L. Pillmore, D) 
San Juan Basin, east side (C. H. Dane, W) 
Silver City area (W. R. Jones, D) 
Valles Mountains, petrology (R. L. Smith, W)
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New York:
Dannemora and Plattsburgh quadrangles, surflcial

geology (C. S. Denny, W) 
Elmira-Williamsport area, glacial geology (C. S.

Denny, W)
Gouverneur area, metamorphism and origin of 

mineral deposits (A. E. J. Engel, La Jolla, 
Calif.)

Mooers and Ohio quadrangles (D. R. Wiesnet, W) 
Richville quadrangle (H. M. Bannerman, W) 
Selected iron deposits (A. F. Buddington, Prince- 

ton, N.J.)
Taconic sequence (E. Zen, W) 

North Carolina:
Central Piedmont (H. Bell, W) 
Franklin quadrangle (F. G. Lesure, W) 
Grandfather Mountain (B. H. Bryant, D) 
Great Smoky Mountains (J. B. Hadley, W) 
Hamme tungsten deposit (J. M. Parker 3d,

Raleigh) 
Morganton area, geomorphic studies (J. T. Hack,

W)
Mount Rogers area (D. W. Rankin, W) 
Shelby quadrangle (W. C. Overstreet, W) 
Swain County copper district (G. H. Espenshade,

W)
Volcanic Slate series (A. A. Stromquist, D) 

North Dakota, New Salem 2 SW quadrangle (H. L.
Smith, c, D)

Ohio, Belmont County (H. L. Berryhill, Jr., D) 
Oklahoma, Ft. Smith district (T. A. Hendricks, D) 
Oregon:

Bandon SB and Coquille SW quadrangles (E. M.
Baldwin, c, Los Angeles, Calif.) 

John Day area (T. P. Thayer, W) 
Monument quadrangle (R. E. Wilcox, D) 
Newport Embayment (P. D. Snavely, Jr., M) 
Ochoco Reservation, Lookout Mountain, Eagle 

Rock, and Post quadrangles (A. C. Waters, 
Baltimore, Md.)

Portland industrial area (D. E. Trimble, D) 
Pacific Islands:

Bikini and nearby atolls (H. S. Ladd, W)
Guam (J. I. Tracey, Jr., W)
Ishigaki, Ryukyu Islands (H. L. Foster, W)
Okinawa (G. Corwin, W)
Pagan Island (G. Corwin, W)
Palau Islands (G. Corwin, W)
Yap and Caroline Islands (C. G. Johnson, Honolulu,

Hawaii) 
Pennsylvania:

Anthracite mine-drainage projects, geology in the
vicinity of (J. F. Robertson, Mt. Oarmel) 

Anthracite region, flood control (M. J. Bergin, Mt.
Carmel)

Bituminous coal resources (E. D. Patterson, W) 
Delaware River basin, lower (J. P. Owens, W) 
Delaware River basin, middle (A. A. Drake, Jr., W) 
Devonian stratigraphy of State (G. W. Colton, W) 
Elmira-Williamsport area, glacial geology (C. S. 

Denny, W)

Geologic mapping Continued
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Pennsylvania Continued
Lehighton quadrangle (H. Klemic, Bowling Green,

Ky.)
Philadelphia district, Lower Cambrian (J. H. Wal­ 

lace, W)
Southern anthracite field (G. H. Wood, Jr., W) 
Washington County (H. L. Berryhill, Jr., D) 
Western Middle anthracite field (H. Arndt, W) 

Puerto Rico (W. H. Monroe, San Juan, Puerto Rico) 
Rhode Island:

Ashaway and Voluntown quadrangles (T. G. Fein-
inger, Boston, Mass.) 

Ashaway and Watch Hills quadrangles, surficial
(J. P. Schafer, Boston, Mass.) 

Carolina and Quonochontaug quadrangles, surficial
(J. P. Schafer, Boston, Mass.) 

Chepachet, Crompton, and Tiverton quadrangles,
bedrock (A. W. Quinn, Providence) 

Clayville, Coventry Center, Kingston, Newport, and 
Prudence Island quadrangles, bedrock (G. E. 
Moore, Jr., Columbus, Ohio) 

Thompson quadrangle (P. M. Hanshaw and H. R.
Dixon, Boston, Mass.) 

Watch Hill quadrangle, bedrock (G. E. Moore, Jr.,
Columbus, Ohio) 

Wickford quadrangle, bedrock (R. B. Williams,
Lawrence, Kans.) 

South Dakota:
Black Hills, southern (G. B. Gott, D)
Fort Randall Reservoir area (H. D. Varnes, D)
Harding County and adjacent areas (G. N. Pipirin-

gos, D)
Hill City pegmatite area (J. C. RattS, D) 
Keystone pegmatite area (J. J. Norton, W) 
Rapid City area (E. Dobrovolny, D) 

Tennessee:
Ducktown district and adjacent areas (R. M. Her-

non, D)
East Tennessee zinc studies (A. L. Brokaw, D) 
Great Smoky Mountains (J. B. Hadley, W) 
Ivydell and Pioneer quadrangles, Tennessee, and 

Jellico West and Ketchen quadrangles, Tennessee 
and Kentucky (K. J. Englund, W) 

Knoxville and vicinity (J. M. Cattermole, Colum­ 
bia, Ky.)

Mount Rogers area (D. W. Rankin, W) 
Southern Appalachian folded belt, Kentucky, Ten­ 

nessee, and Virginia (L. D. Harris, W) 
Texas:

Coastal plain, geophysical and geological studies
(D. H. Eargle, Austin) 

Del Rio area (V. L. Freeman, D) 
Franklin Mountains (R. L. Harbour, Quetta,

Pakistan) 
North-central Texas, Pennsylvanian Fusulinidae

(D. A. Myers, D)
Sierra Blanca area (J. F. Smith, Jr., D) 
Sierra Diablo region (P. B. King, M) 

Utah:
Abajo Mountains (I. J. Witkind, D)
Alta quadrangle (M. D. Crittenden, Jr., M)
Bingham Canyon district (R. J. Roberts, M)
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Utah Continued
Circle Cliffs area (E. S. Davidson, Tucson, Ariz.) 
Coal-mine bumps (F. W. Osterwald, D) 
Confusion Range (R. K. Hose, M) 
Crawford Mountains (W. C. Gere, c, Salt Lake

City) 
Deer Flat area, White Canyon district (T. L.

Finnell, D)
Elk Ridge area (R. Q. Lewis, Columbia, Ky.) 
Green River valley, upper part (W. R. Hansen,

D) 
Hurricane fault, southwestern Utah (P. Averitt,

D) 
Kolob Terrace coal field, southern part (W. B.

Cashion, D)
La Sal area (W. D. Carter, W) 
Lehi quadrangle (M. D. Crittenden, Jr., M) 
Lisbon Valley area (G. W. Weir, Berea, Ky.) 
Little Cotton wood area (G. M. Richmond, D) 
Moab-Interriver area (E. N. Hinrichs, D) 
Navajo Reservation, fuels potential (R. B. O'Sul-

livan, D)
Nipple Butte quadrangle (H. A. Waldrop, c, D) 
Oak City area (D. J. Varnes, D) 
Ogden 4 quadrangle (T. A. Mullens, c, D) 
Orange Cliffs area (F. A. McKeown, D) 
Park City area (M. D. Crittenden, Jr., M) 
Park City district, ore deposits (C. S. Bromfield, D) 
Promontory Point (R. B. Morrison, D) 
Sage Plain area (L. C. Huff, Manila, P.I.) 
Salt Lake City and vicinity (R. Van Horn, D) 
San Francisco Mountains (D. M. Lemmon, M) 
San Rafael Swell (C. C. Hawley, D) 
Sheeprock Mountains, West Tintic district (H. T.

Morris, M)
Snake Range, Wheeler Peak and Garrison quad­ 

rangles (D. H. Whitebread, M) 
Strawberry Valley and Wasatch Mountains (A. A.

Baker, W)
Thomas and Dugway Ranges (M. H. Staatz, D) 
Tintic lead-zinc district, eastern (H. T. Morris,

M)
Uinta Basin oil shale (W. B. Cashion, D) 
White Canyon area (R. E. Thaden, Columbia, Ky.) 

Vermont:
North-central Vermont (W. M. Cady, D)
Rowe and Heath quadrangles (A. H. Chidester, D,

and J. H. Hartshorn, Boston, Mass.) 
Virginia:

Big Stone Gap district (R. L. Miller, W) 
Herndon quadrangle (R. E. Eggleton, M) 
Mount Rogers area (D. W. Rankin, W) 
Potomac Basin studies (J. T. Hack, W) 
Southern Appalachian folded belt (L. D. Harris,

W)
Washington, D.C., metropolitan area (H. W. Coul­ 

ter and C. F. Withington, W) 
Washington:

Bald Knob quadrangle (M. H. Staatz, D) 
Bodie Mountain quadrangle (R. C. Pearson, D) 
Glacier Peak quadrangle (D. F. Crowder, M) 
Grays Harbor basin, western part (H. C. Wagner,

M) 
Holden and Lucerne quadrangles (F. W. Cater, D)

Geologic mapping Continued
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Washington Continued
Hunters quadrangle (A. B. Campbell, D)
Inchelium quadrangle (A. B. Campbell, D)
Maple Valley, Hobart and Cumberland quadrangles

(J. D. Vine, M)
Metaline lead-zinc district (M. G. Dings, D) 
Mt. Spokane quadrangle (A. E. Weissenborn, Spo-

kane)
Olympic Peninsula, eastern (W. M. Cady, D) 
Olympic Peninsula, northern (R. D. Brown, Jr., W) 
Portland industrial area (D. E. Trimble, D) 
Puget Sound Basin (D. R. Crandell, D) 
Republic-Curlew area (R. L. Parker, D) 
Seattle and vicinity (D. R. Mullineaux, D) 
Stevens County (R. G. Yates, M) 
Turtle Lake quadrangle (G. E. Becraft, D) 
Wilmont Creek quadrangle (G. E. Becraft, D) 

West Virginia, Potomac Basin studies (J. T. Hack, W) 
Wisconsin:

Florence County (C. E. Button, Madison) 
Zinc-lead mining district (J. W. Whitlow, W) 

Wyoming:
Adam Weiss Peak quadrangle (W. L. Rohrer, c, D)
Atlantic City district (R. W. Bayley, M)
Baggs area (G. E. Prichard, D)
Beaver Divide area (F. B. Van Houten, Princeton,

N.J.)
Big Piney area (S. S. Oriel, D) 
Carbon and Northern Laramie basins (H. J. Hyden,

c, D) 
Clark, Deep Lake, and Beartooth Butte quadrangles

(W. G. Pierce, M) 
Cokeville quadrangle (W. W. Rubey, Los Angeles,

Calif.) 
Crawford Mountains (W. C. Gere, c, Salt Lake

City, Utah)
Crooks Gap area (J. G. Stephens, D) 
Crowheart Butte area (J. F. Murphy, D) 
East Thermopolis area (G. H. Horn, c, D) 
Ferris quadrangle (R. L. Rioux, c, D) 
Fish Lake and Kissinger Lakes quadrangles (W. L.

Rohrer, c, D)
Fort Hill quadrangle (S. S. Oriel, D) 
Fossil basin (J. I. Tracey, Jr., W) 
Gas Hills district (H. D. Zeller, D) 
Grand Teton National Park (J. D. Love, Laramie) 
Black Hills, Inyan Kara Group (W. J. Mapel, D) 
LaBarge 1 SW and 2 SE quadrangles (R. L. Rioux,

c, W)
Oregon Buttes area (H. D. Zeller, c, D) 
Powder River Basin, Pumpkin Buttes area (W. N.

Sharp, D) 
Powder River Basin, southern part (W. N. Sharp,

D)
Riddle Cut quadrangle (H. McAndrews, c, Casper) 
Sheep Mountain and Tatman Mountain quadrangles

(W. L. Rohrer, c,D)
Shirley Basin area (E. N. Harshman, D) 
Shotgun Butte (W. R. Keefer, Laramie) 
Spence-Kane area (R. L. Rioux, c, D) 
Sweetwater County, Green River Formation (W.

C, Culbertson, D)
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Wyoming Continued
Tepee Creek quadrangle (I. J. Witkind, D) 
Whalen-Wheatland area (L. W. McGrew, Laramie) 
Wind River Basin, regional stratigraphy (W. R.

Keefer, Laramie) 
Wind River Mountains, Quaternary geology (G. M.

Richmond, D) 
Subsurface:

Alabama, subsurface geologic study (W. J. Powell, g,
Tuscaloosa) 

Mapping of buried valleys (S. E. Norris, g, Columbus,
Ohio)

Minnesota, Eastern Mesabi Range area, St. Louis Coun­ 
ty, bedrock topography (E. L. Oakes, g, St. Paul) 

Geomorphology:
Alabama, Russell Cave (J. T. Hack, W) 
Alaska, physiographic divisions (C. Wahrhaftig, M) 
Effects of exposure on slope morphology (R. F. Hadley, h, D) 
Effects of sediment characteristics on fluvial morphology

and hydraulics (S. A. Schumm, h, D) 
Erosion characteristics of clays (A. V. Joplin, s, Boston,

Mass.) 
Erosion, sedimentation, and landform development in arid

and semi-arid regions (G. G. Parker, h, D) 
Geomorphology of glacier streams (R. K. Fahnestock, h, D) 
Indiana, Owensboro quadrangle, Quaternary geology (L.

L. Ray, W) 
Iowa, channel-geometry studies (H. H. Schwob, s, Iowa

City) 
Kentucky, Owensboro quadrangle, Quaternary geology (L.

L. Ray, W) 
Mass movement and surface runoff in an upland wooded

hillslope (L. B. Leopold, w, W)
Massachusetts, sea-cliff erosion studies (C. A. Kaye, Bos­ 

ton)
Mechanics of hillslope erosion (S. A. Schumm, h, D) 
North Dakota, hydrology of prairie potholes (W. S. Eisen-

lohr, Jr., h, D)
Michigan, Lake Algonquin drainage (J. T. Hack, W) 
Montana, Browning area, Quaternary geology (G. M. Rich­ 

mond, D)
Mudflow studies (D. R. Crandell, D) 
New York, northeast Adirondacks (C. S. Denny, W) 
North Carolina, Morganton area (J. T. Hack, W) 
Ohio River valley, geologic development (L. L. Ray, W) 
Particle movement and channel scour and fill of an ephem­ 

eral arroyo near Santa Fe, N. Mex. (L. B. Leopold, 
w, W) 

Stream-channel characteristics, North Carolina (L. A.
Martens, s, Raleigh) 

Study of channel flood-plain aggradation, Tusayan Washes,
Ariz. (R. F. Hadley, h, D) 

Virginia and West Virginia, Potomac Basin studies (J. T.
Hack, W) 

Wyoming, Wind River Mountains, Quaternary geology (G.
M. Richmond, D) 

See also Sedimentation. 
Geophysics, regional:

Aeroradioactivity surveys:
Alaska, CHARIOT site (R. G. Bates, W) 
California, San Francisco (J. A. Pitkin, W) 
Colorado, Rocky Flats (J. A. MacKallor, W)

Geophysics, regional Continued
;Aeroradioactivity surveys Continued

Georgia Nuclear Aircraft Laboratory (J. A. MacKallor,
W) 

Idaho, National Reactor Testing Station (R. G. Bates,
W)

Illinois, Chicago (G. M. Flint, Jr., W) 
Minnesota, Elk River (J. A. Pitkin, W) 
Nevada Test Site (J. L. Meuschke, W) 
New Mexico, GNOME test site J. A. MacKallor, W) 
Northeastern United States (P. Popenoe, W) 
Ohio, Columbus (R. G. Bates, W) 
Pennsylvania, Pittsburgh (R. W. Johnson, Knoxville,

Tenn.)
Puerto Rico (J. A. Pitkin, W) 
Texas, Fort Worth (J. A. Pitkin, W) 
Virginia and Maryland, Belvoir area (S. K. Neuschel,

W)
Arctic, geophysical studies (I. Zietz, W) 
Bauxite, aeromagnetic prospecting (A. Jespersen, W) 
Central United States, aeromagnetic surveys (J. R. Hen-

derson, W) 
Colorado Plateau, regional geophysical studies (H. R. Joest-

ing, W)
Colorado Plateau and southern Rocky Mountains, aero­ 

magnetic surveys (H. R. Joesting, W) 
Cross-country aeromagnetic profiles (E. R. King, W) 
Crust and upper mantle:

Analysis of traveltime data (J. H. Healy, D) 
Geophysical studies (L. C. Pakiser, D) 
Gravity surveying (D. P. Hill, D) 
Rocky Mountain seismic network (J. P. Eaton, D) 
Seismic-refraction profiling (W. H. Jackson, D) 

Eastern Central United States, tectonic patterns (I. Zietz,
W) 

Eastern United States, aeromagnetic surveys (R. W.
Bromery, W) 

Folded Appalachians, geophysical studies (J. S. WatMns,
W)

Gravity map of the United States (H. R. Joesting, W) 
Lake Superior region, geophysical studies (G. D. Bath, M) 
New England, geophysical studies (M. F. Kane, W) 
Northeastern United States, gravity study (G. Simmons,

Dallas, Tex.)
Pacific Northwest, aeromagnetic surveys (W. E. Davis, M) 
Pacific Northwest, geophysical studies (W. E. Davis, M) 
Pacific Ocean, geophysical studies (D. F. Barnes, M) 
Pacific Southwest, aeromagnetic surveys (D. R. Mabey, M) 
Pacific Southwest, geophysical studies (D. R. Mabey, M) 
Tri-State eruptive-tectonic complex, Wyoming-Montana- 

Idaho, geophysical study (H. R. Blank, M) 
Ultramaflc intrusions, geophysical studies (G. A. Thomp­ 

son, M)
Alaska:

Aeromagnetic surveys (G. E. Andreasen, W) 
Regional gravity surveys (D. F. Barnes, M)

Arizona:
Central Arizona, geophysical study (D. R. Mabey, M) 
Safford Valley, geophysical studies (G. E. Andreasen,

W)
Arkansas, Wichita Mountains system, aeromagnetic inter­ 

pretation (A. Griscom, W)
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California:

Los Angeles basin, gravity study (T. H. McCulloh,
Riverside) 

Sacramento Valley and Coast Range, geophysical
studies (G. D.Bath, M) 

San Francisco Bay area, geophysical studies (G. D.
Bath, M)

Sierra Nevada, geophysical studies (H. W. Oliver, M) 
Colorado, Arkansas Valley, geophysical study (J. E. Case,

D)
Iowa, central, aeromagnetic survey (J. R. Henderson, W) 
Kentucky, geophysical studies (J. S. Watkins, W) 
Maine:

Island Falls quadrangle, electromagnetic mapping
(F. C. Frischknecht, W)

Stratton quadrangle, geophysical and geologic map­ 
ping (A. Griscom, W) 

Maryland, Montgomery County, geophysical studies (A.
Griscom, W) 

Massachusetts:
Application of geology and seismology to public-works

planning (C. R. Tuttle and R. N. Oldale, Boston) 
Geophysical studies (R. W. Bromery, W) 

Michigan:
Gogebic district, aeromagnetic study (J. E. Case, D) 
Marquette district, aeromagnetic study (J. E. Case, D) 

Mississippi, Tatum salt dome (W. S. Twenhofel, D) 
Missouri, southeast, aeromagnetic study (J. W. Allingham,

W) 
Montana:

Bearpaw Mountains, aeromagnetic study (K. G. Books,
W) 

Boulder batholith, aeromagnetic and gravity studies
(W. E. Da vis, M) 

Nevada:
Central Nevada, geophysical studies (D. R. Mabey, M) 
Clark County, gravity investigations (M. F. Kane, W) 
Nevada Test Site, aeromagnetic surveys (J. W. Alling­ 

ham, W) 
Nevada Test Site, soil conductivity measurements

(J. H. Scott, D)
New Jersey, New York-New Jersey Highlands, aeromag­ 

netic studies (A. Jespersen, W) 
New Mexico, Valles caldera, geophysical study (H. R.

Joesting, W) 
New York:

Adirondacks area, aeromagnetic studies (J. R. Balsley,
Middleton, Conn.) 

New York-New Jersey Highlands, aeromagnetic studies
(A. Jespersen, W) 

North Carolina, Concord quadrangle, geophysical studies
(R. G. Bates, W)

Ohio, seismic survey for buried valleys (J. S. Watkins, W) 
Oregon:

Oregon Cascades, geophysical study (H. R. Blank, M) 
West-central Oregon, aeromagnetic and gravity studies

(R. W. Bromery, W) 
Pennsylvania, Triassic area, aeromagnetic study (R. W.

Bromery, W)
Puerto Rico, geophysical studies (A. Griscom, W) 
South Dakota, Black Hills area, regional gravity studies

(R. M. Hazlewood, D)
Tennessee, central eastern, geophysical studies (J. S. 

Watkins, W)

Geophysics, regional Continued
Texas, coastal plain, geophysical and geological studies

(D. H. Eargle, Austin)
Utah, Iron Springs, aeromagnetic survey (H. R. Blank, M) 
Washington:

Northeastern, geophysical studies (W. T. Kinoshita,
M)

Western, gravity survey (D. J. Stuart, D) 
Wisconsin:

Florence County, aeromagnetic study (E. R. King, W) 
Wausau area, aeromagnetic studies (J. W. Allingham,

W) 
Wyoming, Black Hills area, regional gravity studies (R. M.

Hazlewood, D) 
Geophysics, theoretical and experimental:

Elastic and inelastic properties of earth materials (L. Pesel-
nick, W) 

Electric and magnetic properties of minerals (A. N. Thorpe,
W)

Electrical effects of nuclear explosions (G. V. Keller, D) 
Electrical methods, development (C. J. Zablocki, D) 
Electrical properties of rocks (G. V. Keller, D) 
Electromagnetic exploration methods (F. C. Frischknecht,

W)
Geophysical abstracts (J. W. Clarke, W) 
Geophysical data, interpretation using electronic computers

(R. G. Henderson, W) 
Gravity and magnetic anomalies, analysis (W. H. Diment,

W)
Heat flow and thermal properties (A. H. Lachenforuch, M) 
Heat flow in the Appalachian Mountains (W. H. Diment,

W)
Heat transfer in salt (E. C. Robertson, W) 
Ice strength (D. F. Barnes, M) 
Infrared and ultraviolet radiation studies (R. M. Moxham,

W)
Magnetic model studies (I. Zietz, W) 
Magnetic properties of rocks (A. Griscom, W) 
Nevada Test Site, soil conductivity measurements (J. H.

Scott, D) 
Propagation of seismic waves in porous media (J. A.

daCosta, g, Phoenix, Ariz.) 
Radon, geologic behavior (A. B. Tanner, W) 
Remanent magnetization of rocks (R. R. Doell, M) 
Remote sensing (W. A. Fischer, W) 
Remote sensing of hydrologic phenomena (C. J. Robinove,

g, St. Louis, Mo.) 
Rock behavior at high temperature and pressure (E. C.

Robertson, W) 
Tension fractures and thermal investigation (A. H. Lach-

enbruch, M)
Thermodynamic properties of rocks (R. A. Robie, W) 
Tiltmeter investigations (G. W. Greene, M) 
Ultramafic intrusions, geophysical studies (G. A. Thompson,

M) 
Glaciology:

Barrier Glacier (Mount Spurr), Alaska (G. C. Giles, c,
Tacoma, Wash.)

Glaciological research (M. F. Meier, h, Tacoma, Wash.) 
Grinnell and Sperry Glaciers (Glacier National Park),

Mont. (A. Johnson, c, W) 
Hydrology of Grinnell Glacier, Mont. (F. Stermitz, s,

Helena) 
Nisqually Glacier (Mount Rainier National Park), Wash.

(G. C. Giles, c, Tacoma)
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Glacial geology:
Alaska, glacial map (H. W. Coulter, W)
Antarctica Pensacola Mountains (A. B. Ford, W)
California, west-central Sierra Nevada (F. M. Fryxell, Rock 

Island, 111.)
Greenland, Schuchert Dal (J. S. Hartshorn, Boston, Mass.)
New York and Pennsylvania, Elmira-Williamsport area

(C. S. Denny, W) 
Gold:

Gold deposits, United States (M. H. Bergendahl, D)
Alaska:

Nome C-l and D-l quadrangles (C. L. Hummel, M) 
Tofty placer district (D. M. Hopkins, M)

Colorado, Tenmile Range and Kokomo mining district (M. 
H. Bergendahl, D)

Wyoming, Atlantic City district (R. W. Bayley, M) 
Ground water-surface water relations:

Bank-seepage studies (E. C. Pogge, s, Iowa City, Iowa)
Bank storage, Hungry Horse Reservoir, Mont. (A. F. Bate- 

men, Jr., c, Great Falls)
Cedar River loss study, Washington, surface and ground 

water (F. T. Hidaka, s, Tacoina)
Flow losses in ephemeral stream channels (R. F. Hadley, 

h, D)
Ground water-surface water interrelations (M. W. Busby, 

s, Topeka, Kans.)
Relationship of ground-water storage and streamflow, Co­ 

lumbia River basin (M. I. Rorabaugh, g, Tacoma, 
Wash.)

Water-loss and water-gain studies in California (J. R.
Crippen, s, M) 

Health, relation to distribution of elements:
Distribution of radioactivity (S. Rosenblum, W) 

Hydraulics, ground water:
Aquifer-test reevaluation, California (E. J. McClelland, g, 

Sacramento)
Directional permeability and nonhomogeneity, mathemati­ 

cal relations (J. A. DaCosta, g, Phoenix, Ariz.)
Directional permeability of marine sandstones (R. R. Ben- 

nett, g, W)
Effects of heterogeneity (H. E. Skibitzke, g, Phoenix, Ariz.)
Mechanics of aquifers principles of compaction and defor­ 

mation (J. F. Poland, g, Sacramento, Calif.)
Mechanics of diffusion, fresh and salt water (H. H. Cooper, 

g, Tallahassee, Fla.)
Mechanics of fluid flow in porous media (A. Ogata, g, 

Honolulu, Hawaii)
Permeability research, California (A. I. Johnson, g, D)
Theory of multiphase flow applications (R. W. Stallman, 

g, D)
Theory of unsaturated flow (H. E. Skibitzke, g, Phoenix, 

Ariz.)
Transient flow in saturated porous media (W. O. Smith, g, 

W)
Treatise on ground-water mechanics (J. G. Ferris, g, Tucson, 

Ariz.)
Unsaturated flow, National Reactor Testing Station, Idaho 

(P. H. Jones, g, Boise)
Unsaturated flow in porous media (W. O. Smith, g, W)
Unsaturated-flow theory related to drainage and infiltra­ 

tion (Jacob Rubin, h, M)
Unsteady flow to multiaquifer wells (I. S. Papadopulos, g, 

Trenton, N.J.) .

Hydraulics, surface flow:
Changes below dams river channels (M. G. Wolman, h,

Baltimore, Md.)
Discharge rating for streams (W. S. Eisenlohr, Jr., h, D) 
Dispersion by turbulent flow in open channels (R. W.

Carter, s, W)
Distribution of shear (D. I. Cahal, s, W) 
Extension of rating curves (R. H. Tice, s, Trenton, N.J.) 
Flow through wide constrictions (F. Chang, s, Atlanta, Ga.) 
Gaging streamflow through turbines (B. J. Frederick, w,

Chattanooga, Tenn.)
Large-scale roughness (J. Davidian, s, W) 
Scour of river beds during high flow (L. B. Leopold, w, W) 
Time of travel, Rockaway River, N.J. (E. L. Meyer, s, W) 
Time-of-travel studies (B. Dunn, s, Albany, N.Y.) 
Unsteady flow in natural channels (C. Lai, s, W) 
Variation in velocity-head coefficient (H. Hulsing, s, M) 
Verification of hydraulic techniques (W. J. Randolph, w,

Chattanooga, Tenn.) 
Vertical-velocity characteristics of Columbia River gaging

stations, Washington (G. L. Bodhaine, J. Savini, s,
Tacoma) 

Hydrologic-data collection and processing:
Adjustment of the Delaware River discharge records for

storage, diversion, and evaporation (E. G. Miller,
s, Trenton) 

Analysis of water-level records in Pennsylvania (C. W.
Poth, g, Harrisburg) 

Automation and processing techniques for water-quality
data (G. A. Billingsley, q, Raleigh, N.C.) 

Correlation of monthly streamflow (R. O. R. Martin, s, W) 
Drainage-area compilation, Kentucky (H. C. Beaber, s,

Louisville) 
Drainage-area determinations, South Carolina (W. M. Blox-

ham, s, Columbia)
Drainage-area determinations, Texas (P.H. Holland, s, Aus­ 

tin) 
Drainage-area measurement, Arkansas (R.C. Christensen,

s, Little Rock) 
Flood and base-flow gaging, New Jersey (E. G. Miller, s,

Trenton) 
Methods used in measurement and analysis of sediment

loads in streams (B. C. Colby, q, Minneapolis,
Minn.) 

New criteria for data-collection program (M. A. Benson, s,
W)

River-systems gaging (H. C. Riggs, s, W) 
Sediment manual (R. B. Vice, q, W) 
Systems and equipment for automation water (W. L.

Isherwood, s, W)
Statistical inferences (N. C. Matalas, s, W) 
Use of ponds to measure rates of storm runoff in Louisiana

(R. Sloss, s, Baton Rouge) 
Vigil Network Survey observations of channel and slope

processes (W. W. Emmett and L. B. Leopold, w,
W) 

Hydrologic instrumentation:
Acoustic velocity-measuring equipment water (W. Hof-

mann, s, M) 
Development of instrumentation to study unstable flow In

steep channels (W. Smith, s, M) 
Electronic-equipment development water (J. E. Eddy, g,

W)
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Hydrologic instrumentation Continued
Evaluation equipment for brine disposal, Eddy County, N.

Mex. (E. B. Cox, g, Albuquerque) 
Instruments for energy-budget evaporation studies (C. B.

Damn, s, D) 
Instruments for laboratory research water (G. F. Smoot, s,

W)
Instrumentation research water (E. G. Barron, s, Colum­ 

bus, Ohio) 
Hydrology, ground-water:

Geohydrologic environmental study (J. N. Payne, g, Baton
Bouge, La.) 

Geologic and hydrologic profile along the Chattahoochee
Biver, Ala. (L. D. Toulmin, g, Tuscaloosa) 

Geologic and hydrologic profile in Clarke County, Ala. (L.
D. Toulmin, g, Tuscaloosa)

Hydrology of Alabama oil fields (W. J. Powell, g, Tusca­ 
loosa) 

Mechanics of aquifers, San Joaquin-Santa Clara Valleys,
Calif. (J. F. Poland, g, Sacramento) 

Problems in quantitative hydrology (M. I. Rorabaugh, g,
Tacoma, Wash.)

Specific-yield studies, California (A. I. Johnson, g, D) 
Water-table and engineering mapping, Delaware, statewide

(D. H. Boggess, g, Newark) 
Hydrology, surface-water:

Diurnal fluctuations of streams, New York (F. L. Robison,
s, Albany) 

Effect of farm ponds on streamfiow, Ohio (W. P. Cross,
s, Columbus)

Effect of logging on runoff in upper Green Biver basin, Wash­ 
ington (D. Richardson, s, Tacoma) 

Effect of wind on Franklin D. Roosevelt Lake, Wash. (E.
G. Nassar, s, Tacoma) 

Flow probability of New Jersey streams (E. G. Miller, s,
Trenton)

Hydrologic and hydraulic studies, Virginia (C. W. Ling- 
ham, s, Charlottesville) 

Hydrology of small streams, New Hampshire (C. E. Knox,
s, Boston, Mass.) 

Lake mapping and stabilization, Indiana (D. C. Perkins, s,
Indianapolis)

Land-use evaluation (F. W. Kennon, s, Austin, Tex.) 
Long-term chronologies of hydrologic events (W. D. Simons,

s, Tacoma, Wash.) 
Natural diurnal fluctuations in streams (R. E. Oltman, s,

W) 
Optimum discharge for salmon spawning as related to

streamfiow characteristics (S. E. Rantz, s, M) 
Peak inflow and outflow through ponds (J. E. McCall, s,

Trenton, N.J.)
Small streams, Alabama (L. B. Peirce, s, Tuscaloosa) 
Snow melt hydrology of a Sierra Nevada stream (S. E.

Rantz, s, M)
Stream profiles, Alabama (L. B. Peirce, s, Tuscaloosa) 
Unit graphs and infiltration rates, Alabama (L. B. Peirce,

s, Tuscaloosa) 
Variations in streamflow, Utah (G. L. Whitaker, s, Salt

Lake City) 
Variations in streamflow due to earthquakes, Utah (W. N.

Jibson, s, Salt Lake City) 
Verification of hydraulic and hydrologic design factors,

Montlemar Creek (Wragg Swamp canal), Alabama
(L. H. Terry, s, Tuscaloosa)

Iron:
Clinton iron ores of the southern Appalachians (B. P. Shel-

don, D)
Alaska, Klukwan iron district (E. C. Bobertson, W) 
Michigan:

Dickinson County, southern (B. W. Bay ley, M) 
Gogebic Range, eastern (W. C. Prinz, W) 
Iron County, eastern (K. L. Wier, D) 
Iron River-Crystal Falls district (H. L. James, Min­ 

neapolis, Minn.)
East Marquette district (J. E. Gair, D) 
Negaunee and Palmer quadrangles (J. E. Gair, D) 

Minnesota, North Cuyuna range (R. G. Schmidt, W) 
Montana, southwestern (K. L. Wier, D) 
New Jersey and New York, selected iron deposits (A. F.

Buddington, Princeton, N.J.) 
Tennessee, Ducktown district and adjacent areas (R. M.

Hernon, D)
Wisconsin, Florence County (C. E. Dutton, Madison) 
Wyoming, Atlantic City district (R. W. Bay ley, M) 

Isotope and nuclear studies :
Isotope geology of lead (A. P. Pierce, D)
Isotopic hydrology (G. L. Stewart, q, W)
Isotope ratios in rocks and minerals (I. Friedman, W)
Isotopic studies of crustal processes (B. Doe, W)
Light stable isotopes (I. Friedman, W)
Magnetic-acoustic studies (F. E. Senftle, W)

Nuclear irradiation (C. M. Bunker, D) 
Oxygen-isotope geothermometry (H. L. James, Minneapolis,

Minn.)
Radiation-damage studies (F. E. Senftle, W) 
Radioactive nuclides in minerals (F. E. Seuftle, W) 
Tritium, Lake McMillan underground reservoir, New Mexico

(H. O. Reeder, g, Albuquerque) 
Tritium, Ogallala Formation, in the High Plains, Lea

County, N. Mex. (H. O. Reeder, g, Albuquerque) 
Tritium concentrations in precipitation, surface waters and 

ground waters of the coastal plain of New Jersey 
(E. C. Rhodehamel. g, Trenton) 

Tritium in ground water, Roswell Basin, N. Mex. (W. A.
Mourant, g, Albuquerque) 

See also Geochronology. 
Lake levels:

Elevations of Great Salt Lake (L. N. Jorgensen, s, Salt Lake
City, Utah) 

Land subsidence:
Land-subsidence studies, San Joaquin Valley, Calif. (J. F.

Poland, g, Sacramento) 
Lead and zinc:

Mississippi Valley type ore deposits, origin (A. V. Heyl, W) 
Western oxidized-zinc deposits (A. V. Heyl, W) 
Zinc resources of the world (T. H. Kiilsgaard, W) 
Arizona, Lochiel and Nogales quadrangles (F. S. Simons, D) 
California, Panamint Butte quadrangle (W. E. Hall, W) 
Colorado, Rico district (E. T. McKnight, W) 
Idaho, Coeur d'Alene mining district (S. W. Hobbs, D) 
Illinois, Wisconsin zinc-lead mining district (J. W. Whitlow,

W)
Kansas, Picher lead-zinc district (E. T. McKnight, W) 
Missouri:

Picher lead-zinc district (E. T. McKnight, W) 
Southeastern part (T. H. Kiilsgaard, W) 

Nevada:
Ely district (A. L. Brokaw, D)
Pioche district (C. M. Tschanz, La Paz, Bolivia)
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Lead and zinc Continued
New Mexico, Silver City area (W. R. Jones, D) 
Oklahoma, Picher lead-zinc district (E. T. McKnight, W) 
Tennessee:

Eastern zinc studies (A. L. Brokaw, D) 
Origin and depositional control of some Tennessee and 

Virginia zinc deposits (H. Wedow, Jr., Knoxville) 
Utah:

East Tintic lead-zinc district (H. T. Morris, M) 
Park City district (C. S. Bromfield, D) 
Sheeprock Mountains, West Tintic district (H. T. Mor­ 

ris, M)
Virginia, origin and depositional control of some Tennessee 

and Virginia zinc deposits (H. Wedow, Jr., Knox­ 
ville, Tenn.)

Washington, Metaline lead-zinc district (M. G. Dings, D) 
Wisconsin, Wisconsin zinc-lead mining district (J. W. Whit­ 

low, W) 
Limestone-terrane hydrology:

Artesian water in Tertiary limestones in the southeastern
United States (V. T. Stringfield, w, W) 

Limestone-terrane hydrology (F. A. Swenson, g, D) 
Petrology and chemistry of the San Andres Limestone and 

their relation to the quality of water in the Acoma- 
Laguna area, Valencia County, N. Mex. (H. E. 
Koester, q, Albuquerque) 

Solution subsidence of a limestone terrane in southwest
Georgia (S. M. Herrick, g, Atlanta) 

Limnology:
Dissolved-mineral contributions to Great Salt Lake (R. H.

Langford, q, Salt Lake City, Utah) 
Green River Formation, geology and paleolimnology (W. H.

Bradley, W) 
Hydrology and geochemistry of closed lakes in south-central

Oregon (K. N. Phillips, s, Portland) 
Organisms, effect on water quality of streams (K. V. Slack,

q, W) 
Physical characteristics of selected Florida lakes (W. E.

Kenner, s, Ocala) 
Temperature of lake waters, Alabama (L. B. Peirce, s,

Tuscaloosa) 
Thermal characteristics of lakes, Indiana (J. F. Ficke, s,

Indianapolis) 
Low flow and flow duration:

Arkansas, low-flow frequency studies (M. S. Hines, s, Little
Rock) 

Georgia:
Low-flow studies (R. F. Carter, s, Atlanta) 
Relation of geology to low flow (O. J. Cosner, s, At­ 

lanta) 
Source of base flow to streams (F. A. Kilpatrick, s,

Atlanta) 
Illinois:

Low-flow frequency analyses (W. D. Mitchell, s, Cham­ 
paign) 

Low-flow partial-record investigation (W. D. Mitchell,
s, Champaign) 

Iowa, low-flow frequency studies (H. H. Schwob, s, Iowa
City) 

Kansas, seepage flow of Kansas streams (M. W. Busby, s,
Topeka)

Massachusetts, low-flow characteristics (G. K. Wood, s, 
Boston)

Low flow and flow duration Continued
Mississippi, low-flow characteristics (John Skelton, s, Jack­ 

son)
Missouri, low-flow characteristics (M. S. Petersen, s, Rolla) 
New York:

Low-flow analysis for stream classification (O. P. Hunt,
s, Albany)

Low-flow frequency (O. P. Hunt, s, Albany) 
Ohio, low-flow and storage requirements (W. P. Cross, s,

Columbus) 
Pennsylvania, low-flow frequency analysis (W. F. Busch, s,

Harrisburg)
South Carolina, low-flow gaging (F. W. Wagener, s, Co­ 

lumbia) 
South Dakota, low-flow data collection (J. E. Wagar, s,

Pierre)
Tennessee, low-flow studies (J. S. Cragwall, Jr., w, Chatta­ 

nooga) 
Texas, low-flow investigations, Pedernales, Llano and Guad-

alupe Rivers (P. H. Holland, s, Austin) 
Wisconsin, low-flow frequency analyses (D. W. Ericson, s,

Madison)
Lunar geology. See Extraterrestrial studies. 
Manganese. See Ferro-alloy metals. 
Marine geology:

Atlantic coastal plain, regional synthesis (J. C. Maher, M) 
East coast continental shelf and margin (J. S. Schlee, Woods

Hole, Mass.) 
Marine hydrology:

Delaware Estuary tidal discharge (E. G. Miller, s, Trenton,
N.J.) 

Effects of heated-water outfall into brackish tidal water, Pa-
tuxent River, Md. (R. L. Gory, h, W) 

Hydraulic geometry of a small tidal estuary (L. B. Leopold,
w, W)

Minimum tides of Delaware Estuary (A. C. Lendo, s, Tren­ 
ton, N.J.) 

Recognition of late glacial substages in New England and
New York (J. E. Upson, g, Albany, N.Y.) 

See also Sea-water intrusion. 
Meteorites. See Extraterrestrial studies.
Mineral and fuel resources compilations and topical studies: 

Alaska:
Metallogenic provinces (C. L. Sainsbury, D)
Rampart power project, mineral resources appraisal (G.

Plafker, M)
Southeastern Alaska, regional geology and mineral re­ 

sources (R. A. Loney, M) 
Drilling data, statistical techniques in the analysis of (H.

Wedow, Knoxville, Tenn.)
Energy resources of the United States (T. A. Hendricks, D) 
Massive sulfide deposits (A. R. Kinkel, Jr., W) 
Metallogenic maps, United States (T. H. Kiilsgaard, W) 
Mineral exploration, Northwestern United States (D. R.

MacLaren, Spokane, Wash.)
Mineral fuel resources, United States (L. C. Conant, W) 
Mineral-resource information and research (H. Kirkemo,

W)
Mississippi Valley type ore deposits, origin (A. V. Heyl, W) 
Oxygen isotope geothermometry (H. L. James, Minneapolis,

Minn.)
Resource data storage and retrieval (R. A. Weeks, W) 
Resource study techniques (R. A. Weeks, W)
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Mineral and fuel resources compilations and topical studies  
Continued 

Tennessee and Virginia zinc deposits, origin and deposi-
tional control (H. Wedow, Jr., Knoxville, Tenn.) 

Uranium-bearing veins (G. W. Walker, D) 
Uranium deposits, formation and redistribution (K. G.

Bell, D) 
Utah, mineral-resource map (L. S. Hilpert, Salt Lake City,

Utah)
Western oxidized-zinc deposits (A. V. Heyl, W) 
Zoning of mineral deposits (D. A. Gallagher, M) 
See also specific minerals or fuels. 

Mineralogy and crystallography, experimental: 
Crystal chemistry (H. T. Evans, Jr., W) 
Crystal chemistry borate minerals (J. R. Clark and C. L.

Christ, W) 
Crystal chemistry phosphate minerals (M. E. Mrose,

W) 
Crystal chemistry rock-forming silicate minerals (D. E.

Appleman, W)
Crystal chemistry uranium minerals (H. T. Evans, W) 
Mineralogie services and research (A. D. Weeks, W ; T. Boti-

nelly, D)
New minerals (D. E. Appleman, W) 
New minerals micas and ehlorites (M. D. Foster, W) 
Petrological services and research (C. Milton, W) 
Sedimentary mineralogy (P. D. Blaekmon, D) 
See also Geochemistry, experimental. 

Mining hydrology:
Mining hydrology (W. T. Stuart, g, W)
Study of the hydrologic and related effects of strip mining

in Beaver Creek watershed, Kentucky (J. J. Mus-
ser, q, Columbus, Ohio) 

Vlinor elements:
Black shale, minor-element distribution in (J. D. Vine, M) 
Dispersion pattern of minor elements related to igneous

intrusions (W. R. Griffitts, D) 
Geochemistry (G. Phair, W) 
In coal (P. Zubovic, W) 
In volcanic rocks (R. R. Coats, M) 
Niobium:

Arkansas, Magnet Cove (L. V. Blade, Paducah, Ky.)
Colorado, Wet Mountains (R. L. Parker, D) 

Montana-Idaho, Thunder Mountain area (R. L. Parker,
D) 

Phosphoria Formation, stratigraphy and resources (R.
A. Gulbrandsen, M) 

Rare-earth elements, resources and geochemistry (J. W.
Adams, D)

Selenium resources and geochemistry (D. F. Davidson, D) 
Tantalum-niobium resources of the United States (R. L.

Parker, D) 
Trace-analysis methods, research (F. N. Ward, D)

studies, hydrologie:
Analog models of flood flows (J. Shen, s, Tucson, Ariz.) 
Analog model unsteady-state flow (H. E. Skibitzke, g,

Phoenix, Ariz.)
Analog model unsaturated flow (H. E. Skibitzke, g, Phoe­ 

nix, Ariz.) 
Houston Ship Channel model study (R. E. Smith, s, Austin,

Tex.) 
Snake River Plain aquifer electric analog (E. H. Walker, g,

Boise, Idaho) 
lolybdenum. See Ferro-alloy metals.

Monazite:
Geology of monazite (W. C. Overstreet, W) 
North Carolina, Shelby quadrangle (W. C. Overstreet, W) 
Southeastern United States (W. C. Overstreet, W) 

Nickel. See Ferro-alloy metals. 
Niobium. See Minor elements. 
Nuclear explosions, hydrology:

Effects of nuclear eratering on the occurrence and move­ 
ment of ground water (W. C. Rasmussen, g, 
Newark, Del.) 

Geohydrology of the Gnome test site, Eddy County, N. Mex.
(J. B. Cooper, g, Albuquerque) 

Geologic and hydrologie evaluation of the Tatum salt dome
area (E. J. Harvey, g, Jackson) 

Hydrologie studies of the Nevada Test Site (I. J. Winograd,
w, Carson City, Nev.)

Project CHARIOT, hydrology (A. M. Piper, w, M) 
Oil shale: 

Colorado:
Grand-Battlement Mesa (J. R. Donnell, D) 
State resources (D. C. Duncan, W) 

Utah, Uinta Basin (W. B. Cashion, D) 
Wyoming, Green River Formation, Sweetwater County

(W. C. Culbertson, D) 
Paleobotany, systematic:

Diatom studies (K. E. Lohman, W)
Fossil wood and general paleobotany (R. A. Scott, D)
Floras:

Western United States Cenozoie (J. A. Wolfe, W) 
Devonian (J. M. Schopf, Columbus, Ohio) 
Pennsylvanian, Illinois and adjacent States (C. B.

Read, Albuquerque, N. Mex.) 
Permian (S. H. Mamay, W) 

Plant microfossils:
Cenozoie (E. B. Leopold, D) 
Mesozoic (R. H. Tschudy, D) 
Paleozoic (R. M. Kosanke, D) 

Paleoecology:
Coal-ball studies, Pennsylvanian (S. H. Mamay, W)
Diatoms (K. E. Lohman, W)
Faunas, Late Pleistocene, Pacific Northwest (W. O. Addi-

eott, M) 
Foraminifera:

Ecology (M. R. Todd, W) 
Larger, deformity in, (K. N. Sachs, Jr., W) 
Recent, Central America (P. J. Smith, M) 

Green River Formation, geology and paleolimnology (W. H.
Bradley, W) 

Mollusks, Tertiary nonmarine, biogeography, Snake River
Plain and adjacent areas (D. W. Taylor, W) 

Paleoenvironment studies, Miocene, Atlantic Coastal Plain
(T. G. Gibson, W)

Pollen, Recent, distribution studies (E. B. Leopold, D) 
TempsJcya, Southwestern United States (C. B. Read, Albu­ 

querque, N. Mex.) 
Vertebrate faunas, biogeography, Ryukyu Islands (F. C.

Whitmore, Jr., W)
Paleontology, invertebrate, systematic: 

Brachiopods:
Ordovician (R. B. Neumann, W; R. J. Ross,"Jr., D) 
Permian (R. E. Grant, W) 
Upper Paleozoic (J. T. Dutro, Jr., W) 

Bryozoans:
Ordovician (O. Karklins, W) 
Upper Paleozoic (H. M. Duncan, W)
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Paleontology, invertebrate, systematic Continued 
Cephalopods:

Jurassic (R. W. Imlay, W)
Triassic (N. J. Silberling, W)
Upper Cretaceous (W. A. Cobban, D)
Upper Paleozoic (M. Gordon, Jr., W) 

Chitinozoans, Lower Paleozoic (J. M. Schopf, Columbus,
Ohio)

Conodonts, Paleozoic (J. W. Huddle, W) 
Corals, rugose:

Mississippian (W. J. Sando, W)
Silurian-Devonian (W. A. Oliver, Jr., W) 

Foraminifera:
Cenozoic (R. Todd, W)
Cenozoic, California and Alaska (P. J. Smith, M)
Cretaceous (J. F. Mello, W)
Fusuline and orbitoline (R. C. Douglass, W)
Mississippian (B. A. L. Skipp, D)
Pennsylvanian-Permian, fusuline (L. G. Henbest, W)
Tertiary, larger (K. N. Sachs, Jr., W) 

Gastropods:
Mesozoic (N. F. Sohl, W)
Miocene-Pliocene, Atlantic Coast (T. G. Gibson, W)
Oligocene, Mississippi (F. S. MacNeil, M)
Paleozoic (E. L. Yochelson, W)

Graptolites, Ordovician-Silurian (R. J. Ross, Jr., D) 
Mollusks:

Cenozoic (F. S. MacNeil, M)
Late Cenozoic, nonmarine (D. W. Taylor, W) 

Ostracodes:
Lower Paleozoic (J. M. Berdan, W)
Upper Paleozoic (I. G. Sohn, W) 

Pelecypods:
Inoceramid (D. L. Jones, M)
Jurassic (R. W. Imlay, W)
Oligocene, Mississippi (F. S. MacNeil, M)
Triassic (N. J. Silberling, W) 

Radiolaria (K. N. Sachs, Jr., W) 
Trilobites:

Cambrian (A* R. Palmer, W)
Ordovician (R. J. Ross, Jr., D) 

Paleontology, stratigraphic: 
Cenozoic:

Coastal Plains (D. Wilson, W)
Diatoms, California and Nevada (K. E. Kohman, W)
Diatoms, nonmarine, Great Plains (G. W. Andrews, W)
Foraminifera, Lodo Formation, California (M. C. 

Israelsky, M)

Foraminifera, New Jersey coastal plain (H. E. Gill, g, 
Trenton, N. J.)

Miocene, Pacific Coast (W. O. Addicott, M)
Mollusks, Alaska (F. S. MacNeil, M)
Mollusks, Oregon (E. J. Moore, M)
Mollusks, western Pacific islands (H. S. Ladd, W)
Pleistocene vertebrates (G. E. Lewis, D)
Smaller Foraminifera, Pacific Ocean and islands (M. R. 

Todd, W)

Trent Marl and related^units (P. M. Brown, g, Raleigh, 
N.C.)

Vertebrates, Panama Canal Zone (F. C. Whitmore, 
Jr., W)

Vertebrates, Atlantic Coast (F. C. Whitmore, Jr., W)

Paleontology, stratigraphic Continued 
Mesozoic:

Cretaceous Foraminifera, Nelchina area, Alaska (H. R.
Bergquist, W)

Cretaceous, Gulf Coast and Caribbean (N. F. Sohl, W) 
Cretaceous, western interior United States (W. A. 

v Cobban, D)
Jurassic, North America (R. W. Imlay, W) 
Pacific coast (D. L. Jones, M) 
Pierre Shale,, Front Range area (W. A. Cobban and

G. R. Scott, D)
Triassic marine faunas and stratigraphy (N. J. Silber­ 

ling, M) 
Paleozoic:

Cambrian (A. R. Palmer, W)
Corals of Redwall Limestone, Arizona (W. J. Sando,

W)
Fusuline Foraminifera, Nevada (R. C. Douglass, W) 
Mississippian corals, northern Alaska (H. M. Duncan,

W)
Mississippian stratigraphy and brachiopods, northern

Rocky Mountains and Alaska (J. T. Dutro, Jr., W)
Mississippian stratigraphy and corals, northern Rocky

Mountains (W. J. Sando, W) 
Ordovician stratigraphy and brachiopods, eastern

United States (R. B. Neuman, W)
Ordovician, western United States (R. J. Ross, Jr., D) 
Paleobotany and coal studies, Antarctica (J. M. Schopf,

Columbus) 
Pennsylvanian Fusulinidae, north-central Texas (D. A.

Myers, D)
Permian floras, southwest U.S. (S. H. Mamay, W) 
Permian stratigraphy and brachiopods, Southwest

United States (R. E. Grant, W) 
Silurian-Devonian corals, northeastern United States

(W. A. Oliver, Jr., W) 
Silurian-Devonian, Great Basin and Pacific Coast (C.

W. Merriam, M)
Subsurface rocks, Florida (J. M. Berdan, W) 
Type Morrow Series, Washington County, Arkansas

(L. G. Henbest, W)
Upper Paleozoic, Great Basin (M. Gordon, Jr., W) 
Upper Silurian-Lower Devonian, eastern United States

(J. M. Berdan, W) 
Paleontology, vertebrate, systematic:

Artiodactyls, primitive (F. C. Whitmore, Jr., W) 
Pleistocene fauna, Big Bone Lick, Ky. (F. C. Whitmore,

Jr., W)
Tritylodonts, American (G. E. Lewis, D)

Paleotectonic maps. See Regional studies and compilations. 
Pegmatites:

North Carolina:
Franklin quadrangle (F. G. Lesure, W)
Southern Blue Ridge Mountains, mica deposits (F. G.

Lesure, W) 
South Dakota:

Hill City pegmatite area (J. C. Ratte, D) 
Keystone pegmatite area (J. J. Norton, W) 

Permafrost studies:
Distribution and general characteristics (W. E. Da vies, W) 
Ground ice in central Alaska (T. L. Pewe, College) 
Ground water and permafrost (J. R. Williams, g, Anchor­ 

age, Alaska)
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Petroleum and natural gas:
Chattanooga Shale, uranium and oil (A. Brown, W) 
Mesozoic rocks of Florida and the eastern Gulf coast (E. R.

Applin, Jackson, Miss.) 
Pre-Selma Cretaceous rocks of Alabama and adjacent States

(L. C. Conant, W)
Tuffs of the Green River Formation (R. L. Griggs, D) 
Upper Jurassic stratigraphy, northeast Texas, southwest 

Arkansas, northwest Louisiana (K. A. Dickinson, 
D) 

Williston Basin, Wyoming, Montana, North Dakota, and
South Dakota (C. A. Sandberg, D) 

Alaska:
Gulf of Alaska Tertiary province (G. Plafker, M) 
Iniskin-Tuxedni region (R. L. Detterman, M) 
Nelchina area (A. Grantz, M)
Lower Yukon-Koyukuk area (W. W. Patton, Jr., M) 
Northern Alaska petroleum investigations (G. Gryc, M) 

Arizona:
Central and northwestern, Devonian rocks and paleo-
geography (C. Teichert, Quetta, Pakistan)
Navajo Reservation, fuels potential (R. B. O'Sullivan,

D) 
Arkansas:

Ft. Smith district (T. A. Hendricks, D) 
Malvern quadrangle (W. Danilchik, Santiago, Chile) 
Northern, oil and gas investigations (E. E. Glick, D) 

California:
Eastern Los Angeles basin (J. E. Schoellhamer, W)
Salinas Valley (D. L. Durham, M)
Structure contour map of the Vedder sand (E. E.

Richardson, c, Taft) 
Colorado:

Animas River area (H. Barnes, D)
Elk Springs quadrangle (J. R. Dyni, c, D)
Glenwood Springs quadrangle (N. W. Bass, D)
Grand Junction 2° quadrangle (W. B. Cashion, D)
Colorado, northwestern, Upper Cretaceous stratigraphy

(T. A. Hendricks, D) 
Thornburg area (J. R. Dyni, c, D) 

Kansas:
Sedgwick Basin (W. L. Adkison, Lawrence) 
Shawnee County (W. D. Johnson, Jr., Lawrence) 
Wilson County (H. C. Wagner, M) 

Mississippi, Homochitto National Forest (E. L. Johnson,
c, Tulsa, Okla.) 

Montana:
Structure contour map of the Montana Plains, revision

(C. E. Erdmann, c, Great Falls) 
Structure section across Front Range through Marias

Pass (C. E. Erdmann, c, Great Falls) 
Winnett-Mosby area (W. D. Johnson, Jr., Lawrence,

Kans.) 
North Dakota, New Salem 2 SW quadrangle (H. L. Smith,

c, D)
Nebraska, central Nebraska basin (G. E. Prichard, D) 
New Mexico:

Animas River area (H. Barnes, D) 
Guadalupe Mountains (P. T. Hayes, D) 
San Juan Basin, east side (C. H. Dane, W) 

Oklahoma:
Anadarko Basin (W. L. Adkison, Lawrence, Kans.) 
Ft. Smith district (T. A. Hendricks, D) 
McAlester Basin (S. E. Frezon, D)

708-043 O-65-19

Petroleum and natural gas Continued
Oregon, Bandon SE and Coquille SW quadrangles (E. M.

Baldwin, c, Los Angeles, Calif.)
Texas, Anadarko Basin (W. L. Adkison, Lawrence, Kans.) 
Utah:

Grand Junction 2° quadrangle (W. B. Cashion, D) 
Navajo Reservation, fuels potential'(R. B. O'Sullivan,

D) 
Northeastern, Upper Cretaceous stratigraphy (T. A.

Hendricks, D)
Virginia, Big Stone Gap district (R. L. Miller, W) 
Washington:

Grays Harbor basin, regional compilation (H. M.
Beikman, M)

Grays Harbor basin, western part (H. C. Wagner, M) 
Wyoming:

Big Piney area (S. S. Oriel, D)
Crowheart Butte area (J. F. Murphy, D)
East Thermopolis area (G. H. Horn, c, D)
LaBarge 1 SW and 2 SE quadrangles (R. L. Rioux,

c,.D)
Spence-Kane area (R. L. Rioux, c, D) 

Petrology. See Geochemistry and petrology. 
Phosphate:

Phosphoria Formation, stratigraphy and resources (R. A.
Gulbrandsen, M) 

Southeastern United States, phosphate resources (J. B.
Cathcart, D) 

California, Monterey Formation phosphate (H. D. Gower,
M) 

Florida, land-pebble phosphate deposits (J. B. Cathcart,
D) 

Idaho:
Aspen Range-Dry Ridge area (V. E. McKelvey, W) 
Driggs quadrangle (E. H. Pampeyan, c, M) 
Garns Mountain quadrangle (M. H. Staatz, c, D) 
Irwin 1, 2, 4 NE and 4 NW quadrangle (D. A. Jobin,

c, D)
Soda Springs quadrangle (F. C. Armstrong, D) 
Upper Valley quadrangle (R. L. Rioux, c, D) 

Montana:
Divide 2 SW quadrangle (G. D. Fraser, c, D) 
South-central (R. W. Swanson, Spokane, Wash.) 

Nevada, Montello area (R. G. Wayland, c, Los Angeles,
Calif.)

Oriskany Formation (W. D. Carter, W) 
North Carolina, phoshorite deposits in Beaufort County,

geohydrology (J. O. Kimrey, g, Raleigh) 
Utah and Wyoming, Crawford Mountains (W. C. Gere,

c, Salt Lake City) 
Plant ecology:

Basic research in vegetation and hydrology (R. S. Sigafoos,
h, W) 

Potash:
New Mexico, Carlsbad potash and other saline deposits

(C. L. Jones, M)
Paradox basin, Colorado and Utah (O. B. Raup, D) 
Paradox basin, Colorado and Utah, subsurface study of

Paradox member (R. J. Hite, c, Salt Lake City) 
Precipitation:

Precipitation and runoff maps for the Potomac and Susque-
hanna River basins (W. S. Eisenlohr, Jr., h, D) 

Precipitation measurements in forested areas, New Jersey 
(E. C. Rhodehamel, g, Trenton, N.J.)
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Precipitation Continued
Precipitation records, Alabama (L. B. Pierce, s, Tuscaloosa) 
Storm patterns, using radar techniques (A. Wilson, h,

Tucson, Ariz.) 
Public and industrial water supplies:

Chemical and physical quality characteristics of public 
water supplies in North Carolina (J. C. Chemerys, 
q, Raleigh) 

Chemical characteristics of larger public water supplies in
the United States (C. N. Durfor, q, W) 

Chemical quality of water in the Salt Lake City metropoli­ 
tan area, Utah (Osamu Hattori, q, Salt Lake City) 

Use of water by municipalities in New Mexico (G. A. Din-
widdie, g, Albuquerque) 

Water requirements of the iron and steel industry (F. B.
Walling, w, W) 

Water requirements of the petroleum industry (L. E. Otts,
w, W)

Quality of water: 
Alabama:

Compilation of chemical quality of water (J. R. Avrett,
q, Tuscaloosa) 

Reconnaissance of streams (R. N. Cherry, q, Ocala,
Fla.) 

California, effect of diversion works on the Trinity River
(G. Porterfield, q, Sacramento) 

Columbia River basin, lower part, Oregon-Washington (J.
F. Santos, q, Portland, Oreg.) 

Delaware, natural waters (E. F. McCarren, q, Philadelphia,
Pa.)

Delaware River (D. McCartney, q, Philadelphia, Pa.) 
Housatonic River basin (R. J. Edmonds, q, Albany, N.Y.) 
Kansas:

South Fork Ninnescah River basin (A. M. Diaz, q,
Lincoln, Nebr.)

Walnut River basin (R. F. Leonard, q, Lincoln, Nebr.) 
Louisiana:

Compilation of quality of surface water records (S. F.
Kapustka, q, Baton Rouge)

Reconnaissance of quality of water in vicinity of Mon- 
roe (S. M. Rogers, S. F. Kapustka, q, Baton 
Rouge)

Maryland, Salisbury area (S. G. Heidel, q, W) 
Nebraska, Niobrara River basin (C. H. Scott, q, Lincoln) 
New Jersey:

Chloride in ground water (P. R. Seaber, g, Trenton) 
Delaware River at Trenton (L. T. McCarthy, Jr., q,

Philadelphia, Pa.)
Raritan River basin (J. R. George, q, Harrisburg, Pa.) 
Reconnaissance of streams (J. R. George, q, Harris- 

burg, Pa.) 
New Mexico, maps showing quality of water by counties

(E. C. John, g, Albuquerque) 
New York, Glowegee Creek at AEC reservation near West

Milton (F. H. Pauszek, q, Albany) 
North Dakota:

Chemical quality of surface waters and sedimentation 
in the Heart River drainage basin (M. A. Maderak, 
q, Lincoln, Nebr.)

Devils Lake area (H. T. Mitten, q, Lincoln, Nebr.) 
Ohio:

Maumee River basin (M. Deutsch, w, Columbus) 
Miami River basin (G. W. Whetstone, q, Columbus) 
Quality of surface and ground waters--statewide in­ 

ventory (G. W. Whetstone, q, Columbus)

Quality of water Continued 
Oklahoma:

Little River basin (G. Bednar, q, Oklahoma City) 
Washita River basin (J. J. Murphy, q, Oklahoma City) 

Oregon, appraisal of water quality and water-quality prob­ 
lems of certain streams (R. J. Madison, q, Port­ 
land) 

Pennsylvania:
Allegheny River basin (E. F. McCarren, q, Philadel­ 

phia)
Quality of water, statewide (D. McCartney, q, Phila­ 

delphia ) 
Variations in the acidity of Beech Creek (J. R. George,

q, Harrisburg) 
Quality of water in relation to fish culture (C. G. Mitchell,

q, Salt Lake City, Utah)
Snake River basin (L. B. Laird, q, Portland, Oreg.) 
South Dakota, chemical quality and sedimentation, Grand 

River drainage basin (P. R. Jordan, q, Lincoln, 
Nebr.) 

Texas:
Hubbard Creek basin (C. H. Hembree, q, Austin) 
Reconnaissance of Texas streams (L. S. Hughes, q,

Austin)
Surface waters (L. S. Hughes, q, Austin) 
Surface waters of the Brazos River basin (L. S.

Hughes, q, Austin) 
Utah, ground water (C. A. Horr, C. G. Mitchell, g, Salt

Lake City) 
Washington:

Ground water (A. S. Van Denburgh, q, Portland, Oreg.) 
Surface water (J. F. Santos, q, Portland, Oreg.) 

See also Sedimentation. 
Quicksilver:

Alaska, southwestern (E. M. MacKevett, Jr., M) 
California, Coast Range ultramafic rocks (E. H. Bailey, M) 
Mercury deposits and mercury resources (E. H. Bailey, M) 
Oregon, Ochoco Reservation, Lookout Mountain, Eagle 

Rock, and Post quadrangles (A. C. Waters, Balti­ 
more, Md.) 

Radioactive-waste disposal:
Geology and hydrology of the Central and Northeastern 

States as related to the management of radioactive 
materials (W. C. Rasmussen, g, Newark, Del.) 

Geology and hydrology of the Great Plains States as re­ 
lated to the management of radioactive materials 
(W. C. Rasmussen, g, Newark, Del.)

Geology and hydrology of the Western States as related 
to the management of radioactive materials (R. W. 
Maclay, g, St. Paul, Minn.)

Geology, hydrology, and waste disposal at the National
Reactor Testing Station, Idaho (R. L. Nace, w, W)

Hydrodynamics of deep basins (W. Drescher, g, Madison,
Wis.) 

Hydrogeologic studies at the National Reactor Testing
Station, Idaho (D. A. Morris, g, Boise) 

Hydrogeologic studies of the Savannah River Plant, S.C.
(I. W. Marine, g, Columbia) 

Hydrology of subsurface waste disposal, National Reactor
Testing Station, Idaho (P. H. Jones, g. Boise) 

Infiltration of radioactive waste water from a tile drain 
field, Jackass Flats, Nevada Test Site, Nye County, 
Nev. (J. H. Abrahams, g, Albuquerque, N. Mex.) 

Laboratory investigations (C. R. Naeser, W) 
Nulcear-irradiation studies (C. M. Bunker, D)
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Radioactive-waste disposal Continued
Oak Ridge Reservation hydrologic studies (R. M. Richard­ 

son, w, Chattanooga, Tenn.) 
Research on hydrology, National Reactor Testing Station,

Idaho (E. H. Walker, g, Boise) 
Rocks and minerals, physical properties (E. C. Robertson,

W) 
Sedimentary basins for radioactive-waste disposal (W. G.

Pierce, M)
Waste-contamination studies at Los Alamos, N. Mex.  

ground water (W. D. Purtyman, g, Albuquerque) 
Radioactive materials, transport in water:

Clinch River, Tenn., study (P. H. Carrigan, w, Chatta­ 
nooga )

Distribution and concentration of radioactive waste in 
streams by fluvial sediments (D. W. Hubbell, q, 
Fort Collins, Colo.) 

Exchange phenomena and chemical reactions of radioactive
substances (E. A. Jenne, q, D) 

Mineralogy and exchange capacity of fluvial sediments
(V. C.Kennedy, q, D)

Removal of radionuclides from water by earth materials
of the Nevada Test Site (W. A. Beetem, q, D)

Savannah River study (A. E. Johnson, s, Columbia, S.C.)
Sediment transport in the Columbia River as related to the

movement of radionuclides (W. L. Haushild, q,
Portland, Oreg.)

Reservoirs. See Sedimentation, reservoirs. 
Rare-earth metals. See Minor elements. 
Regional studies and compilations, large areas of the United

States:
Basement rock map of U.S. (R. W. Bayley, M) 
Geologic map of the United States (P. B. King, M) 
Gravity map of the United States (H. R. Joesting, W) 
Military intelligence studies (M. M. Elias, W) 
Paleotectonic-map folios:

Mississippian System (L. C. Craig, D) 
Pennsylvanian System (E. D. McKee, D) 
Permian System (E. D. McKee, D) 

Tectonic map of North America (P. B. King, M) 
Rhenium. See Minor elements and Ferro-alloy metals. 
Saline minerals:

Colorado and Utah, Paradox basin (O. B. Raup, D)
New Mexico, Carlsbad potash and other saline deposits

(C. L.Jones, M) 
Wyoming, Green River Formation, Sweetwater County

(W. C. Culbertson, D) 
See also Borates. 

Sea-water intrusion:
Recharge to a heavily pumped aquifer from a tidal stream

(F. E. Rush, g, Trenton, X.J.) 
Salinity conditions of the lower Delaware River basin

(D. McCartney, q, Philadelphia, Pa.)
Salinity in the Miami River, Fla. (S. D. Leach, s, Ocala) 
Salinity study, Snake Creek Canal, Fla. (F. A. Kohout, g,

Tallahassee) 
Salinity of estuaries in Everglades National Park (K. A.

MacKichan, q, Ocala, Fla.) 
Salt-water encroachment along the Mississippi Gulf coast

(J. W. Lang, g, Jackson, Miss.)
Salt-water encroachment, Louisiana, Baton Rouge area 

(C. O. Morgan, M. D. Winner, Jr., g, Baton Rouge) 
Salt-water encroachment in the Brunswick, Ga., area (R. I* 

Wait, g, Atlanta)

Sea-water intrusion Continued
Salt-water encroachment in the Savannah, Ga., area

(H. B. Counts, g, Atlanta) 
Salt-water encroachment studies, Dade County, Fla. (H.

Klein, g, Tallahassee) 
Salt-water encroachment in southern Nassau County, N.Y.

(N. M. Perlmutter, g, Albany) 
Salt-water intrusion in coastal streams (J. C. Chemerys,

q, Raleigh, N.C.) 
Salt-water intrusion in the lower Edisto River basin, South

Carolina (G. A. Billingsley, q, Raleigh, N.C.) 
Water-quality conditions, Intracoastal Canal near Houma,

La. (S. F. Kapustka, q, Baton Rouge) 
Sedimentation:

Clastic sedimentation in a bolson environment (L. K.
Lustig, q, Sacramento, Calif.) 

Effect of particle-size distribution on mechanics of flow in
alluvial channels (R. K. Fahnestock, h, Fort Col­ 
lins, Colo.) 

Effect of sedimentation on the propagation of trout in
small streams, Montana (A. R. Gustafson, q, Wor-
land, Wyo.) 

Erosion and deposition, Medicine Creek basin, Nebraska
(J. C. Brice, q, Lincoln)

Factors affecting sediment transport graphical represen­ 
tation of factors affecting bed-material discharge
of sand-bed streams (B. R. Colby, q, Lincoln, Nebr.) 

Fluvial sediment, Arkansas River basin (J. C. Mundorflf,
q, Lincoln, Nebr.) 

Fluvial sediment, Lower Kansas River basin, Kansas (J. C.
Mundorff, q, Lincoln, Nebr.) 

Fluvial sedimentation, Stony Brook watershed New Jersey
(J. R. George, q, Philadelphia, Pa.) 

Fluvial sedimentation and runoff, Kiowa Creek, Colorado
(R. Brennan, q, D) 

Hydrology and sedimentation, Bixler Run watershed,
Pennsylvania (J. R. George, q, Philadelphia) 

Hydrology and sedimentation, Corey Creek and Elk Run
watershed, Pennsylvania (J. R. George, q,
Philadelphia) 

Investigation of some sedimentation characteristics of a
sand-bed stream (D. M. Culbertson, q, Lincoln,
Nebr.) 

Multiple-correlation analysis of sediment discharge (J. K.
Reid, s; R. E. Cabell, D. C. Hahl, q; Salt Lake
City, Utah) 

Reconnaissance of fluvial sediment, Potomac River basin
(J. W. Wark, q, W) 

Reconnaissance sediment investigations, Texas (L. S.
Hughes, q, Austin)

Roughness in alluvial channels and sediment transporta­ 
tion (D. B. Simons, q, Fort Collins, Colo.) 

Sediment transport, Mississippi River at St. Louis (P. R.
Jordan, q, Lincoln, Nebr.) 

Sediment transport and channel roughness in natural and
artificial channels (T. Maddock, Jr., h, Tucson,
Ariz.) 

Sediment-transport parameters in sand-bed streams (C. F.
Nordin, Jr., J. P. Beverage, q, Albuquerque, N.
Mex.) ' 

Sediment yield, upper Yadkin River basin, North Caro­ 
lina (H. E. Reeder, q, Raleigh) 

Sediment yield and precipitation runoff, Cornfield Wash, N.
Mex. (D. E. Burkham, h, Albuquerque)
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Sedimentation Continued
Sedimentary structures and channel morphology, Rio 

Puerco, Socorro County, N. Mex. (L. H. Wagner, 
q, Albuquerque) 

Sedimentation, Conestoga Creek watershed, Pennsylvania
(J. R. George, q, Philadelphia) 

Sedimentation, Little Arkansas River basin, Kansas (C. D.
Albert, q, Lincoln, Nebr.) 

Sedimentation, upper Trinity River basin, Texas (C. H.
Hembree, q, Austin)

Sedimentation and chemical quality of surface waters, 
Chehalis River basin, Washington (P. A. Glancy, 
q, Portland, Oreg.)

Sedimentation and chemical quality of surface waters, 
Palouse River basin, Washington (P. R. Boucher, 
q, Portland, Oreg.)

Sedimentation and chemical quality of surface waters, 
Walla Walla River basin,Washington (B. E. Mapes, 
q, Portland, Oreg.)

Sedimentation and chemical quality of surface waters, 
Wind River Basin, Wyoming (D. C. Dial, q, 
Worland) 

Sedimentation in forested drainage areas, Alsea River basin,
Oregon (R. C. Williams, q, Portland) 

See also Geomorphology, Quality of water, and Stratigraphy
and sedimentation. 

Sedimentation, reservoirs: 
California:

Cache Creek (G. Porterfield, q, Sacramento)
Stony Gorge Reservoir, survey (C. A. Dunnam, q,

Sacramento) 
Colorado, Kiowa Creek basin, K-79.reservoir (R. Brennan,

q, D) 
Georgia, North Fork Broad River, subwatershed 14 near

Avalon (D. E. Shattles, q, Ocala, Fla.) 
Louisiana, Bayou Dupont watershed, reservoir (S. F.

Kapustka, q, Baton Rouge) 
Nebraska, Brownell Creek subwatershed, reservoirs 1 and

1A (J. C. Mundorff, q, Lincoln)
Nevada, Peavine Creek (J. E. Parkes, w, Carson City) 
New Jersey, Baldwin Creek reservoir (J. R. George, q,

Philadelphia, Pa.)
Texas, Escondido Creek (C. H. Hembree, q, Austin) 
Utah, Paria River basin, Sheep Creek near Tropic, sedi­ 

ment barrier (G. C. Lusby, h, D) 
Selenium. See Minor elements. 
Silica:

Oriskany Formation (W. D. Carter, W) 
Tintic Quartzite (K. B. Ketner, D) 

Soil moisture:
Effect of mechanical treatment on arid lands in the West­ 

ern United States (F. A. Branson, h, D) 
Effects of grazing exclusion, Badger Wash area, Colorado

(G. C. Lusby, h, D) 
Ion distribution, water movement in soils, and vegetation

(R. F. Miller, h, D) 
Plant and soil-water response to thermal gradient, Ogal-

lala Formation (F. A. Branson, h, D) 
Plants as indicators of soil-moisture availability (F. A.

Branson, h, D) 
Spectroscopy:

Mobile spectrographic laboratory (F. N. Ward, D) 
Spectrographic analytical services and research (A. W.

Helz, W; A. T. Myers, D; H. Bastron, M) 
X-ray spectroscopy (I. Adler, W; W. W. Brannock, M)

Springs:
Discharge of Rattlesnake Springs and nearby irrigation 

wells, Eddy County, N. Mex. (E. R. Cox, g, 
Albuquerque) 

Geology of mineral springs in the Arkansas and Red River
basins (P. E. Ward, g, Oklahoma City, Okla.) 

Springs of California (C. F. Berkstresser, Jr., q, Sacra­ 
mento, Calif.) 

Stratigraphy and sedimentation:
Atlantic coastal plain, regional synthesis (J. C. Maher, M)
Basement rock map of U.S. (R. W. Bayley, M)
Cave deposits, stratigraphy and mineralogy (W. E. Davies,

W) 
Colorado Plateau:

Lithologic studies (R. A. Cadigan, D) 
San Rafael Group, stratigraphy (J. O. Wright, W) 
Stratigraphic studies (L. C. Craig, D) 
Triassic stratigraphy and lithology (J. H. Stewart, M) 

East coast continental shelf and margin (J. S. Schlee,
Woods Hole, Mass.) 

Front Range, Pennsylvanian and Permian stratigraphy
(E. K. Maughn, D)

Green River Formation, tuffs (R. L. Griggs, D) 
Northern Rocky Mountains and Great Plains, Middle and

Late Tertiary history (N. M. Denson, D) 
Phosphoria Formation, stratigraphy and resources (R. A.

Gulbrandsen, M) 
Pierre 'S'hale:

Paleontology and stratigraphy, Front Range area
(W. A. Cobban and G. R. Scott, D)

Montana, North Dakota, South Dakota, Wyoming, and 
Nebraska, chemical and physical properties (H. A. 
Tourtelot, D) 

Sedimentary basins for radioactive-waste disposal (W. G.
Pierce, M)

Sedimentary environments, classification (E. J. Crosby, D) 
Sedimentary mineralogy (P. D. Blackmon, D) 
Sedimentary-petrology laboratory (H. A. Tourtelot, D) 
Sedimentary structures, model studies (E. D. McKee, D) 
Subsurface-data center (L. C. Craig, D) 
Upper Jurassic stratigraphy, northeast Texas, southwest 

Arkansas, northwest Louisiana (K. A. Dickinson, 
D) 

Williston Basin, Wyoming, Montana, North Dakota and
South Dakota (C. A. Sandberg, D) 

Alaska:
Matanuska stratigraphic studies (A. Grantz, M) 
Mesozoic stratigraphy (W. W. Patton and A. Grantz,

M) 
Arizona:

Redwall limestone (E. D. McKee, D) 
Supai and Hermit Formations (E. D. McKee, D) 

California, Lower Cambrian strata of southern Great Basin
(J. H. Stewart, M) 

Colorado:
Northwestern, Jurassic stratigraphy (G. N. Pipiringos,

D) 
Northwestern, Upper Cretaceous stratigraphy (T. A.

Hendricks, D) 
Pennsylvanian evaporite, northwest Colorado (W. W.

Mallory, D)
Kansas, Sedgwick Basin (W. L. Adkison, Lawrence) 
Maine, regional Paleozoic stratigraphy (R. B. Neuman, W) 
Maryland, Allegany County (W. deWitt, Jr., W)
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Stratigraphy and sedimentation Continued
Massachusetts, central Cape Code, subsurface studies (R. N.

Oldale, C. R. Tuttle, and C. Koteff, Boston) 
Montana, Belt Series, stratigraphy (C. P. Ross, D) 
Nebraska, central Nebraska basin (G. E. Prichard, D) 
Nevada, Lower Cambrian strata of southern Great Basin

(J. H. Stewart, M)
New Mexico, Guadalupe Mountains (P. T. Hayes, D) 
New Jersey, sedimentary petrography of stratigraphic sec­ 

tion, Island Beach State Park, (J. Vecchioli, g, 
Trenton)

New York, Dunkirk and related beds (W. deWitt, Jr., W) 
Oklahoma:

Anadarko Basin (W. L. Adkison, Lawrence, Kans.)
McAlester Basin (S. E. Frezon, D)
Southern, Permian stratigraphy (D. H. Eargle, Austin,

Tex.)
Pennsylvania, Devonian stratigraphy (G. W. Colton, W) 
Texas:

Anadarko Basin (W. L. Adkison, Lawrence, Kans.) 
Northern, Permian stratigraphy (D. H. Eargle, Austin,

Tex.) 
Utah:

Northeastern, Upper Cretaceous stratigraphy (T. A.
Hendricks, D)

Old River Bed (R. B. Morrison, D) 
Washington, Grays Harbor basin, regional compilation

(H. M. Beikman, M) 
Wyoming:

Blacks Hills, Inyan Kara Group (W. J. Mapel, D) 
Green River Formation, geology and paleolimnology

(W. H. Bradley, W) 
South-central, Jurassic stratigraphy (G. N. Pipiringos,

D) 
Wind River Basin, regional stratigraphy (W. R. Keefer,

Laramie)
See also Paleontology, stratigraphic, and specific areas un­ 

der Geologic mapping. 
Structural geology and tectonics :

Rock behavior at high temperature and pressure (E. C.
Robertson, W)

Isotopic studies of crustal processes (B. Doe, W) 
Alaska, tectonic map (G. Gryc, M) 
California:

San Andreas fault (L. F. Noble, Valyermo) 
Sierra foothills mineral belt (L. D. Clark, M) 

Deformation research (D. J. Varnes, D) 
Montana, Hebgen Lake earthquake investigations (J. B.

Hadley, W, and I. J. Witkind, D) 
Nevada, orogenic processes, northern Sonoma Range (J.

Gilluly, D)
See also specific areas under Geologic mapping. 

Talc:
North-central Vermont (W. M. Cady, D) 

Tantalum. See Minor elements. 
Temperature studies, water:

Streamflow and temperatures of Glowegee Creek (D. F.
Dougherty, s, Albany, N. Y.) 

Temperature distribution in natural streams (W. W. Dean,
s, M) 

Temperature of Alabama streams (L. E. Carroon, s, Tus-
caloosa) 

Temperature of Oregon streams (A. L. Moore, s, Portland)

Temperature studies, water Continued
Temperature of Rhode Island streams (C. E. Knox, s,

Boston, Mass.) 
Temperature of selected surface waters in Rhode Island

(F. H. Pauszek, q, Albany, N.Y.) 
Water-temperature studies, White River, Ark. (L. D.

Hauth, s, Little Rock) 
Thorium:

Alaska, uranium-thorium reconnaissance (E. M. MacKevett,
Jr., M) 

Colorado:
Gunnison County, Powderhorn area (J. C. Olson, D) 
Wet Mountains (M. R. Brock, D) 

Idaho, central, radioactive placer deposits (D. L. Schmidt,
W) 

Tin:
Alaska:

Lost River mining district (C. L. Sainsbury, D) 
Seward Peninsula (P. L. Killeen, W) 
Tofty placer district (D. M. Hopkins, M)

Titanium, Wyoming, titaniferous black sands in Upper Cre­ 
taceous rocks (R. S. Houston, Laramie) 

Tracer studies, water:
Movement of water and radioactive materials in the 

Bandelier Tuff, Los Alamos, N. Mex. (J. H. Abra­ 
hams, g, Albuquerque) 

Radio isotope tracing of water through porous media (H. E.
Skibitzke, g, Phoenix, Ariz.) 

Tungsten. See Ferro-alloy metals. 
Uranium:

Chattanooga Shale, uranium and oil (A. Brown, W) 
Colorado Plateau, uranium-vanadium deposits in sand­ 

stone (R. P. Fischer, D) 
Formation and redistribution of uranium deposits (K. G.

Bell, D) 
Uranium-bearing pipes, Colorado Plateau and Black Hills

(C. G. Bowles, D)
Uranium-bearing veins (G. W. Walker, D) 
Uranium in black shales, mid-continent area (D. H. Eargle,

Austin, Tex.) 
Alaska, regional reconnaissance for radioactive minerals

(E. M. MacKevett, Jr., M)
Arizona, Dripping Spring quartzite (H. C. Granger, Di 
Colorado:

Baggs area (G. E. Prichard, D) 
Bull Canyon district (C. H. Roach, D) 
Gypsum Valley district (C. F. Withington, W) 
La Sal area (W. D. Carter, W) 
Lisbon Valley area (G. W. Weir, Berea, Ky.) 
Maybell-Lay area (M. J. Bergin, W) 
Slick Rock district (D. R. Shawe, D) 
Uravan district (R. L. Boardman, W) 

Idaho, Mt. Spokane quadrangle (A. E. Weissenborn,
Spokane, Wash.) 

New Mexico:
Ambrosia Lake district (H. C. Granger, D)
Grants area (R. E. Thaden, Columbia, Ky.)
Laguna district (R. H. Moench, D)
Northwestern part (L. S. Hilpert, Salt Lake City,

Utah)
Pennsylvania, Lehighton quadrangle (H. Klemic, Bowling 

Green, Ky.)
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Uranium Continued 
South Dakota:

Harding County and adjacent areas (G. N. Pipiringos,
D)

Southern Black Hills (G. B. Gott, D) 
Texas, coastal plain, geophysical and geological studies

(D. H. Bargle, Austin) 
Utah:

Deer Flat area, White Canyon district (T. L. Finnell,
D)

La Sal area (W. D. Carter, W) 
Lisbon Valley area (G. W. Weir, Berea, Ky.) 
Sage Plain area (L. C. Huff, Manila, P. I.) 
San Rafael Swell (C. C. Hawley, D) 
White Canyon area (R. B. Thaden, Columbia, Ky.) 

Washington, Mt. Spokane quadrangle (A. B. Weissenborn,
Spokane) 

Wyoming:
Baggs area (G. B. Prichard, D)
Central Wyoming, selected uranium deposits (F. C.

Armstrong, D)
Crooks Gap area (J. G. Stephens, D) 
Gas Hills district (H. D. Zeller, D) 
Powder River Basin, Pumpkin Buttes area (W. N.

Sharp, D)
Powder River Basin, southern part (W. N. Sharp, D) 
Shirley Basin area (E. N. Harshman, D)

Urban development. See Construction and terrain problems. 
Urbanization, hydrologic effects:

Effects of urbanization on hydrology (F. J. Keller, q, W) 
Hydrologic effects of urbanization (A. O. Waananen, s, M) 
Urban runoff, Turtle Creek, Tex. (C. R. Gilbert, s, Austin) 
Urban runoff, Waller Creek, Tex. (W. H. Espey, Jr., s,

Austin) 
Vanadium:

Colorado Plateau, uranium-vanadium deposits in sandstone
(R. P. Fischer, D)

Commodity studies (R. P. Fischer, D) 
Vanadium geology and resources, bibliography (J. P. Ohl,

D) 
Colorado:

Bull Canyon district (C. H. Roach, D) 
La Sal area (W. D. Carter, W) 
Lisbon Valley area (G. W. Weir, Berea, Ky.) 
Slick Rock district (D. R. Shawe, D) 
Uravan district (R. L. Boardman, W) 

Utah:
La Sal area (W. D. Carter, W) 
Lisbon Valley area (G. W. Weir, Berea, Ky.) 
Sage Plain area (L. C. Huff, Manila, P.I.) 

Vegetation:
Alaska, vegetation map (L. A. Spetzman, W) 
Pacific Islands vegetation (F. R. Fosberg, W) 
Plant analysis laboratory (F. N. Ward, D) 
See also Evapotranspiration and Plant ecology. 

Volcanology:
Alaska, Katmai National Monument, petrology and volcan-

ism (G. H. Curtis, M)
Hawaii, volcanology (J. G. Moore, Hawaii) 
Idaho, central Snake River Plain, volcanic petrology (H. A. 

Powers, D)

Volcanology Continued 
Montana:

Bearpaw Mountains, petrology (W. T. Pecora, W) 
Valles Mountains, petrology (R. L. Smith, W) 
Wolf Creek area, petrology (R. G. Schmidt, W) 

Pacific Coast basalts, geochemistry (K. J. Murata, M) 
Silicic ash beds, correlation (H. A. Powers, D) 

Volcanic-terrane hydrology:
Columbia River Basalt, hydrology (R. C. Newcomb, g, Port­ 

land, Oreg.) 
Water management:

Role of water in determining the economic destiny of the 
Pacific Northwest (G. L. Bodhaine, s, Tacoma, 
Wash.)

Water management (C. W. Reck, s, W) 
Water resources:

Hydrology of glacial terrane in the Great Lakes area (R..
Schneider, g, W) 

Hydrology of small basins, public domain, Western States
(H. V. Peterson, h, M) 

Lower Colorado River basin, hydrology (C. C. McDonald,
g, Tucson, Ariz.)

Mississippi Embayment, hydrology (E. M. Cushing, g, Chat­ 
tanooga, Tenn.) 

Summary of the ground-water situation in the United States
(C. L. McGuinness, g, W) 

Water resources in the Permian Basin (D. W. Greenman,
w. Austin, Tex.) 

Water-supply exploration on the public domain, Pacific
coast area (C. T. Snyder, h, M) 

Water-supply exploration on the public domain, Rocky
Mountain area (N. J. King, h, D) 

Alabama (Tuscaloosa) :
Hydrologic atlas of the State (C. F. Hains, s) 
Hydrologic study of the Tuscaloosa area (K. D.

Wahl, g) 
Ground water:

Autauga County (J. C. Scott, g) 
Bullock County (J. C. Scott, g) 
Calhoun County (J. C. Warman, g) 
Cherokee County (L. V. Causey, g) 
Dallas County (J. C. Scott, g) 
Escambia County (J. W. Cagle, g) 
Hale County (T. H. Sanford, g) 
Huntsville and Madison County (T. H. Sand- 

ford, g)
Lawrence County (W. F. Harris, g) 
Marshall County (T. H. Sanford, g) 
Morgan County (C. L. Dodson, g) 
Pickens County (K. D. Wahl, g) 
Russell County (J. C. Scott, g) 
Russellville and vicinity (R. R. Peace, g) 
St. Clair County (L. V. Causey, g) 
Sylacauga area (G. W. Swindel, g) 
Talladega County (L. V. Causey, g) 

Surface-water resources, Calhoun County (J. R. Har-
kins, s) 

Surface-water resources and hydrology of southwest
Alabama (L. B. Peirce, s)

Surface-water resources and hydrology of the Ten­ 
nessee Valley (J. R. Harkins, s)
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Water resources Continued 
Alaska (Anchorage) : 

Ground water:
Chugiak area (R. M. Waller, g)
General inventory (R. M. Waller, g)
Homer area (R. M. Waller, g)
Investigations for U.S. National Park Service (R.

M. Waller, g) 
Water-resources records for Anchorage (R. M.

Waller, g) 
Water-supply investigations for the U.S. Air Force

(A. J. Fealner, g)
American Samoa (Honolulu, Hawaii) : 

Ground water (K. J. Takasaki, g) 
Arizona (Tucson) :

Sycamore Creek basin, water resources (B. Thompson,
s) 

Ground water:
Apache County, central (J. P. Akers, g) 
Beardsley area (W. Kam, g) 
Big Sandy Valley (W. Kam, g) 
Dateland-Hyder area (P. W. Johnson, g) 
Flagstaff area (J. P. Akers, g) 
Fort Huachuca (S. G. Brown, g) 
Luke Air Force Base (R. S. Stulik, g) 
Navajo Indian Reservation (M. E. Cooley, g) 
Papago Indian Reservation (L. A. Heindl, g, W) 
Pinal County, northwestern (W. F. Hardt, g) 
Safford area (E. S. Davidson, g) 
San Simon basin (N. D. White, g) 
Tucson basin (E. F. Pashley, Jr., g) 
Verde Valley (F. R. Twenter, g) 
Willcox basin (S. G. Brown, g) 

Arkansas (Little Rock) : 
Ground water:

Arkansas River valley (M. S. Bedinger, g) 
Along U.S. Highway 67 (H. N. Halberg, g) 
Along U.S. Highway 70 from Pulaski County to

Crittenden County (H. N. Halberg, g) 
Jackson-Independence area (J. E. Reed, g) 
Ouachita Mountains (D. R. Albin, g) 
Pulaski-Saline Counties (R. O. Plebuch, g) 
Ouachita Mountains (D. R. Albin, g) 

Ground water:
Antelope Valley-East Kern Water Agency (J. E.

Weir, Jr., g) 
Camp Pendleton Marine Corps Base (J. S. Bader,

g) 
Death Valley National Monument, Wildrose-Grape-

vine area (J. J. French, g) 
Edwards Air Force Base (W. R. Moyle, g) 
Inyokern Naval Ordnance Test Station (F. Kunkel,

g) 
Joshua Tree National Monument (J. E. Weir, Jr..

g)
Kaweah-Tule area (M. G. Croft, g) 
Kern River fan (R. H. Dale, g) 
Kings River area (R. W. Page, g) 
Lassen County, test-well sites, Bureau of Land

Management (F. Kunkel, g) 
Lava Beds (Whiskeytown Reservoir) (R. H. Dale,

g)
Lompoc Plain (R. E. Evenson, g) 
Lower Mojave area, west part (G. M. Hogenson, g)

Water resources Continued
California (Sacramento) Continued 

Ground water Continued
Point Arguello (R. E. Evenson, g)
Santa Maria Valley (R. E. Evenson, g)
Summerland (R. E. Evenson, g)
Twentynine Palms Marine Corps Training Center

(H. B.Dyer.g) 
Colorado (Denver) :

Hydrology of Arkansas River basin Canon City to
State line (C. T. Jenkins, s) 

Ground water:
Occurrence and development in State (J. A. Mc-

Conaghy, g) 
Summary of pumping tests in State (W. W. Wilson,

g)
Trends in ground-water development of the Colo­ 

rado High Plains (A. J. Boettcher, g) 
Bent County (J. H. Irwin, g) 
Big Sandy Valley below Limon (D. L. Coffin, g) 
Cache La Poudre Valley (L. A. Hershey, g) 
Denver Basin, ground-water trends (G. H. Chase, g) 
Denver Basin (G. H. Chase, g) 
Huerfano County (T. G. McLaughlin, g) 
Kit Carson County (G. H. Chase, g) 
Parts of Larimer, Logan, Morgan, Sedgwick, and

Weld Counties (W. G. Weist, g) 
North and Middle Parks (P. T. Voegeli, g) 
Otero County and part of Crowley County (W. G.

Weist, g)
Pueblo and Fremont Counties (H. E. McGovern, g) 
Rocky Mountain Arsenal (M. C. Van Lewen, g) 
Ute Mountain-Ute Indian Reservation (J. H. Ir­ 

win, g) 
Connecticut:

Water resources of Connecticut Part 1, Quinebaug 
River basin (A. D. Randall, Jr., q, Albany, N.Y.)

Water resources of Connecticut Part 2, Shetucket 
River basin (M. P. Thomas, s, Hartford)

Ground water, lower Quinnipiac and Mill River low­ 
lands (A. M. LaSala, Jr., g, Hartford) 

Florida (g, Tallahassee; s, q, Ocala) :
Alachua, Bradford, Clay, and Union Counties, water 

resources (W. E. Clark, g)
Broward County, water resources (C. B. Sherwood, g)
Econfina Creek basin area, water resources (R. H. Mus- 

grove, s)
Escambia and Santa Rosa Counties, water resources 

(R. H. Musgrove, s)
Everglades National Park, water resources (J. H. Hart- 

well, s)
Green Swamp area, water resources (R. W. Pride, s)
Myakka River basin, water resources (B. F. Joyner, q)
Orange County, water resources (W. F. Lichter, g)
Ground water:

Cape Canaveral area, Brevard County, geohydrol-
ogy (D. W. Brown, g)

Dade County, special studies (H. Klein, g) 
Duval, Nassau, and Baker Counties (G. W. Leve, g) 
Fort Lauderdale area, special studies (H. Klein, g) 
Polk County (H. G. Stewart, g) 
Pompano Beach area, north Broward County (G. R.

Tarver, g) 
Statewide, special studies (C. S. Conover, g)
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Water resources Continued
Florida (g, Tallahassee; s, q, Ocala) Continued 

ground water Continued
Tampa Bay area (W. W. Wetter hall, g)
Venice well field, Sarasota County, geohydrology

(W. E. Clark, g) 
Surface water, St. Johns, Flagler, and Putnam Counties

(W. E. Kenner, s) 
Georgia (Atlanta) :

River-systems studies (A. N. Cameron, s) 
Ground water:

Floyd and Polk Counties (C. W. Cressler, g) 
Seminole, Decatur, and Grady Counties (C. W.

Sever, g) 
Guam (Honolulu, Hawaii) :

Ground water (D. A. Davis, g) 
Surface water (S. H. Hoffard, s) 

Hawaii (Honolulu) :
Ground-water storage and depletion, Molokai Irrigation

Tunnel, Molokai (G. T. Hirashima, s) 
Hydrologic studies (G. T. Hirashima, s) 
Influence of water-development tunnels on streamflow- 

ground water relations, Oahu (G. T. Hirashima, s) 
Water production from the Waiaha catchment area (S.

S. Chinn, s) 
Ground water:

Kahuku area, Oahu (K. J. Takasaki, g) 
Kohala Mountain-Mauna Kea area (D. A. Davis, g) 
Mokuleia-Waialua area, Oahu (J. C. Rosenau, g) 
Waianae district, Oahu (C. P. Zones, g) 
Windward Oahu (K. J. Takasaki, g) 

Idaho (Boise) :
Little Lost River basin, water resources (H. A. Waite,

g) 
Ground water:

Aberdeen-Springfield area (H. G. Sisco, g) 
American Falls (M. J. Mundorff, g) 
Artesian City area (E. G. Crosthwaite, g) 
Lower Teton Basin (E. G. Crosthwaite, g) 
Mud Lake Basin (P. R. Stevens, g) 
Salmon Falls Creek area (E. G. Crosthwaite, g) 
Teton Basin (E. G. Crosthwaite, g) 
Upper Star Valley (E. H. Walker, g) 

Indiana (Indianapolis) : 
Ground water:

Northwestern Indiana (J. S. Rosenshein, g) 
West-central Indiana (F. A. Watkins, g) 

Iowa (Iowa City) :
Water utilization and availability of central Iowa (F.

W. Twenter, R. W. Coble, g) 
Ground water:

Cerro Gordo County (W. L. Steinhilber, g) 
Linn County (R. E. Hansen, g) 
The Mississippian aquifer of Iowa (W. L. Stein­ 

hilber, g)
Water availability from glacial deposits of south- 

central Iowa (J. W. Cagle, g) 
Kansas (Lawrence) : 

Ground water:
Brown County (C. K. Bayne, g) 
Butler County (J. M. McNellis, g) 
Cherokee County (W. J. Seevers, g) 
Decatur County (W. G. Hodson, g)

Water resources Continued
Kansas (Lawrence) Continued

Ground water Continued
Ellsworth County (W. Ives, g)
Finney, Kearny, and Hamilton Counties (W. R.

Meyer, g)
Grant and Stanton Counties (S. W. Fader, g) 
Johnson County (H. G. O'Connor, g) 
Labette County (W. L. Jungmann, g) 
Linn County (W. J. Seevers, g) 
Miami County (D. M. Miller, g) 
Montgomery County (H. G. O'Connor, g) 
Morton County (L. C. Burton, g) 
Neosho County (W. L. Jungmann, g) 
Northwestern Kansas (W. R. Meyer, g) 
Pratt County (C. W. Lane, g) 
Republican River valley (S. W. Fader, g) 
Rush County (J. McNellis, g) 
Sedgwick County (C. W. Lane, g) 
Southwestern Kansas (W. R. Meyer, g) 
Trego County (W. G. Hodson, g) 
Wallace County (W. G. Hodson, g) 
Walnut River basin (J. M. McNellis, g) 

Kentucky (Louisville) :
Lexington-Fayette County area, water resources (H. T. 

Hopkins, g)
Mammoth Cave area, water resources (R. V. Cushman, 

g)
Ground water:

Alluvial terraces of the Ohio River (W. E. Price,
g)

Jackson Purchase area (L. M. MacCary, g)
Jenkins-Whitesburg area (D. S. Mull, g)
Louisville area (E. A. Bell, g) 

Louisiana (Baton Rouge) :
Bossier and Caddo Parishes, water resources (H. G.

May, g)
Rapides Parish, water resources (R. Newcome, Jr., g) 
Vernon Parish, water resources (A. J. Calandro, s) 
Water-supply characteristics of Louisiana streams (L.

V. Page, s) 
Ground water:

Baton Rouge-New Orleans valley area (G. T. Card- 
well, g)

East and West Feliciana Parishes (C. O. Morgan,
g)

Geismar-Burnside area (R. A. Long, g) 
Greater New Orleans area (J. R. Rollo, g) 
Southeastern Louisiana (M. D. Winner, g) 
Southwestern Louisiana (A. H. Harder, g) 

Maine (Augusta) : 
Ground water:

Coastal area of southwestern Maine (G. C. Pres-
cott, g)

Lower Penobscot basin (G. C. Prescott, g) 
Maryland (Baltimore) :

Systems planning studies of the Gunpowder Falls basin
(D. O'Bryan, w, W) 

Ground water:
C and O Canal (E. G. Otton, g) 
Charles County (T. H. Slaughter, g) 
Prince Georges County (F. K. Mack, g)
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Water resources Continued 
Massachusetts (Boston) : 

Ground Water:
Assabet River basin (S. J. Pollock, g) 
Brockton-Pembroke area (B. G. Petersen, g) 
Cape Cod National Seashore (R. G. Peterson, g) 
Central Boston area (W. N. Palmquist, g) 
Ipswich River drainage basin (E. A. Sammel, g) 
Lower Merrimack valley (B. A. Sammel, g) 
Minute Man National Historical Park (R. G. Peter- 

sen, g) 
Parker and Rowley River drainage basins (E. A.

Sammel, g)
Shawsheen River basin (S. J. Pollock, g) 
Southern Plymouth County (J. M. Weigle, g) 
Western Massachusetts (O. M. Hackett, g) 
Westfield River basin, (R. G. Petersen, g) 

Michigan (Lansing) :
Marquette Iron Range, water resources (S. W. Wiitala,

«) 
Van Buren County, water resources (G. E. Hendrickson,

g) 
Ground water:

Alger County (K. E. Vanlier, g)
Battle Creek area (K. E. Vanlier, g)
Jordon River National Fish Hatchery (R. F.

Brown,, g, St. Paul, Minn.) 
Menominee County (K. E. Vanlier, g) 

Surface water, North Branch Clinton River basin
(S. W. Wiitala, s) 

Minnesota (St. Paul) :
Hydrologic investigation of the Tamarac River basin,

Marshall County (R. W. Maclay, g) 
Water resources in the vicinity of municipalities in the

Mesabi Range area (R. D. Cotter, g) 
Ground water:

Aurora area (R. W. Maclay, g)
Grand Rapids area (E. L. Oakes, g)
Hibbing area (R. F. Norvitch, g)
Kittson, Marshall, and Roseau Counties (G. R.

Schiner, g) 
Melt-water channels near Marshall, Lyon County

(G. L. Thompson, g) 
Nett Lake area (R. F. Norvitch, g) 
Nobles County and part of Jackson County (R. F.

Norvitch, g) 
Mississippi (Jackson) :

Water resources of Pascagoula River basin (E. J.
Harvey, g) 

Water-resources appraisals of a part of southwestern
Mississippi (E. J. Harvey, g) 

Ground water:
Geology and ground-water resources of Alcorn

County (E. H. Boswell,g) 
Geology and ground-water resources of Lauderdale

County (J. W. Lang, E. H. Boswell, g) 
Ground-water appraisals in northwestern Missis­ 

sippi (B. E. Wasson, g) 
Pearl River basin (B. E. Ellison, g) 

Montana (Billings) : 
Ground water:

Big Hole Battlefield National Monument (R. G. 
McMurtrey, g)

Water resources Continued
Montana (Billings) Continued 

iGround water Continued
Bitterroot Valley, Ravalli County (R. G. Mc­ 

Murtrey, g)
Cedar Creek anticline, west flank (O. J. Taylor, g) 
Deer Lodge Valley (R. L. Konizeski, g) 
Fort Belknap Indian Reservation (D. C. Alverson,

g)
Frazer-Wolf Point irrigation project (W, B. Hop- 

kins, g)
Judith Basin, western part (E. A. Zimmerman, g) 
Lower Bighorn River valley Hardin Unit (L. J.

Hamilton, g) 
Milk River bottoms, Fort Belknap area (W. B.

Hopkins, g)
Missoula Valley (R. G. McMurtrey, g) 
Two Medicine irrigation project (Q. F. Paulson, g) 

Nebraska (Lincoln) :
Ground water:

Fillmore County (C. F. Keech, g) 
Hall County (C. F. Keech, g) 
Mirage Flats (C. F. Keech, g) 
Richardson County (P. A. Emery, g) 
York County (C. F. Keech, g) 

Nevada (Carson City) :
Hydrology of a portion of the Humboldt River valley 

(P. Cohen, w)
Ground water:

Amargosa Valley (T. E. Eakin, G. E. Walker, w) 
Black Rock Desert (W. C. Sinclair, w) 
Cave Valley (T. E. Eakin, w) 
Dixie and Fairview Valleys (D. E. Everett, w) 
Dry Lake and Delamar Valleys (T. E. Eakin, w) 
Duck Valley (W. C. Sinclair, w) 
Garden and Coal Valleys (T. B. Eakin, w) 
Hualapai Flat (W. C. Sinclair, w) 
Long Valley-Massacre Lake region (W. C. Sin­ 

clair, w)
Pahranagat and Pahroc Valleys (T. E. Eakin, w) 
Pahrmnp Valley (G. T. Malmberg, w) 
Pueblo Valley-Continental Lake area (W. C. Sin­ 

clair, w)
Reese River valley (E. G. Crosthwaite, w) 
Sarcobatus Flat, Nye County (G. T. Malmberg, w) 
Stonecabin and Ralston Valleys (T. E. Eakin, w) 

New Hampshire (Boston, Mass.) :
Ground water, lower Merrimack River basin (J. M.

Weigle, g) 
New Jersey (Trenton) :

Summary of streamflow, 1955-60 (A. C. Lendo, s)
Water budget of Great Swamp (E. G. Miller, s)
Ground water:

Burlington County (F. E. Rush, g) 
Camden County (E. Donsky, g) 
Cumberland County (J. G. Rooney, g) 
Essex County (J. Vecchioli, g) 
Monmouth County (L, A. Jablonski, g) 
Morris County (H. E. Gill, g) 
Ocean County (H. R. Anderson, g) 
Pine Barrens (E. C. Rhodehamel, g) 
Rahway area (H R. Anderson, g) 
Salem County (J. C. Rosenau, g)



A288 INVESTIGATIONS IN PROGRESS IN THE GEOLOGIC, WATER RESOURCES, AND CONSERVATION DIVISIONS

Water resources Continued
New Jersey (Trenton) Continued 

Ground water Continued
Warren Grove area, geologic and hydrologic char­ 

acteristics of the upper Tertiary deposits (F. E. 
Rush, g) 

Water-level fluctuations in New Jersey, 1958-62
R. Austin, g)

Wharton Tract (E. C. Rhodehamel, g) 
New Mexico (Albuquerque) :

Evaluation of pumping effects in the Malaga Bend
area, Eddy County (E. R. Cox, g) 

Evaluation of well-field data at Los Alamos (R. L.
Cushman, g)

Hydrology of damsites on the Mescalero Apache In­ 
dian Reservation (J. S. Havens, g) 

Hydrologic almanac of State (W. E. Hale, g) 
Miscellaneous activities under the New Mexico State

Engineer program (L. V. Davis, g) 
Quantitative analysis of water resources in the Albu­ 

querque area, Bernalillo County (H. O. Reeder, g) 
Quantitative analysis of the ground-water system in 

the Roswell basin, Chaves and Eddy Counties (G. 
E. Maddox, g)

Water supply for Los Alamos (R. L. Cushman, g) 
Ground water:

Gila Cliff Dwellings National Monument, Catron 
County, geology and ground-water resources (F. 
D. Trauger, g)

Grant County (F. D. Trauger, g) 
Guadalupe County (A. Clebsch, Jr., g) 
Lake McMillan and Carlsbad Springs, ground-water

conditions between (E. R. Cox, g) 
Luna County, southern (G. C. Doty, g) 
McKinley County, southeastern (J. B. Cooper, g) 
McMillan delta area (E. R. Cox, g) 
Mesita, Laguna Indian Reservation, deep well test

(G. A. Dinwiddie, g) 
Quay County (W. A. Mourant, g) 
San Juan County, northern (F. D. Trauger, g) 
Sandia and Manzano Mountains area (F. B. Titus,

g) 
White Sands Integrated Range, northern (J. E.

Weir, g)
White Sands Missile Range, reconnaissance, 

 ground-water resources at selected sites (G. C. 
Doty, g) 

White Sands Missile Range, test drilling (G. C.
Doty, g) 

White Sands Missile Range, test drilling at Apollo
site (G. C. Doty, g) 

New York (Albany) :
Lake Erie-Niagara area, water resources (A. L. La-

Sala, g) 
Ground water:

Ground water in New York (R. C. Heath, g) 
Babylon-Islip area, Suffolk County (I. H. Kantro-

witz, g)
Jamestown area (L. J. Grain, g) 
Nassau County (N. M. Perlmutter, g) 
Nassau County, northeast (J. Isbister, g) 
Niagara Frontier (R. H. Johnston, g) 
Orange and Ulster Counties (R. W. Robison, g) 
Queens County (J. Soren, g)

Water resources Continued
New York (Albany) Continued 

Ground water Continued
Rensselaer County, Schodack terrace (J. Joyce, g) 
Schenectady County, eastern (J .D. Winslow, g) 
Suffolk County, mid-island area (N. M. Perlmutter,

g)
Syracuse area (I. H. Kantrowitz, g) 

Surface water:
Babylon-Islip area (E. J. Pluhowski, s)
Gazetteer of streams (F. L. Robison, s)
Surface-water resources of New York (J. C. Kam-

merer, g) 
North Carolina (Raleigh) :

Stream sanitation and water supply of State (G. C.
Goddard, s) 

Ground water:
Asheville area (P. M. Brown, g)
Cape Hatteras National Park, quality of ground 

water (H. B. Wilder, q)
Chowan County (P. M. Brown, g)
Craven County (P. M. Brown, g)
Durham area (P. M. Brown, g)
Hartford-Elizabeth City area (P. M. Brown, g)
Marion area (P. M. Brown, g)
Martin County (G. G. Wyrick, g)
Monroe area (E. O. Floyd, g)
Murphy area (P. M. Brown, g)
New Hanover County (G. Bain, g)
Northwestern North Carolina (P. M. Brown, g)
Raleigh area (J. O. Kimrey, g)
Southport area (P. M. Brown, g)
Waynesville area (P. M. Brown, g) 

Surface water:
Interpretation of surface-water data (G. C. God­ 

dard, s)
Neuse River headwaters, surface-water resources

(G. C. Goddard, s) 
North Dakota (Grand Forks) : 

Ground water:
Barnes County (T. E. Kelly, g)
Burleigh County (P. G. Randich, g)
Cass County (R. L. Klausing, g)
Devils Lake area (Q. F. Paulson, g)
Divide County (C. A. Armstrong, g)
Foster and Eddy Counties (C. J. Huxel, Jr., g)
Richland County (Q. F. Paulson, g)
Stutsman County (C. J. Huxel, g)
Traill County (H. M. Jensen, g) 

Ohio (Columbus) :
Hydrologic atlas (W. P. Cross, s) 
Ground water:

Fairfield County (G. D. Dove, g)
Geauga County (J. Baker, g)
Miami River basin (A. M. Spieker, g)
Northeastern Ohio (J. L. Rau, g) 

Oklahoma (Oklahoma City) :
Special investigations and reports (A. R. Leonard, g) 
Thickness of the fresh ground-water zone (D. L. Hart,

g) 
Ground water:

Arkansas and Verdigris River valleys (H. H. 
Tanaka, g)
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Water resources Continued
Oklahoma (Oklahoma City) Continued 

Ground water Continued
Clinton-Sherman Air Force Base (A. B. Leonard,

g) 
Washita River valley near Anadarko, ground-water

potential (D. L. Hart, Jr., g) 
Woodward County (P. R. Wood, g) 

Surface water:
Kiamichi River basin (L. L. Laine, s) 
Little River basin (A. O. Westfall, s)   
Muddy Boggy River basin (A. O. Westfall, s) 

Oregon (Portland) : 
Ground water:

Deschutes County, Tumalo-Sisters; area (E. R.
Hampton, g)

East Portland area (B. L. Foxworthy, g) 
Eola-Amity Hills area, northern Willamette Valley

(D. Price, g) 
French Prairie area, northern Willamette Valley

(D. Price, g) 
Molalla-Salem slope area, northern Willamette

Valley (E. R. Hampton, g) 
Pennsylvania (Harrisburg)«: 

Ground water:
Brunswick Formation (S. M. Longwill, g) 
Chester County, metamorphic and igneous rocks

(C. W. Poth, g)
Lancaster County, carbonate rocks (H. Meisler, g) 
Martinsburg Shale (L. D. Carswell, g) 
New Oxford Formation (H. E. Johnston, g) 

Swatara Creek basin, water resources (W. T. Stuart,
g, W) 

Puerto Rico (San Juan) :
Guanica area, water resources (N. E. McClyinonds, w) 
Guayanilla area, water resources (J. W. Crooks, w) 
Jobos area, water resources (N. E. McClymonds, w) 
Lower Tallaboa Valley, water resources (I. G. Gross- 

man, w)
Water resources, 1961 (D. B. Bogart, w) 
Water resources, 1964 (D. B. Bogart, w) 
Water-well inventory (P. E. Ward, L. S. Truxes, w) 

Rhode Island (Providence) : 
Ground water:

Block Island (A. J. Hansen, Jr., g) 
Potowomut-Wickford area (G. R. Schiner, g) 
South Branch Pawtuxet area (G. R. Schiner, g) 
Southeastern Rhode Island (G. R. Schiner, g) 
Upper Pawcatuck basin, availability (W. B. Alien,

S)
South Carolina (Columbia) : 

Ground water:
Coastal plain, geology and ground-water resources,

northeastern (G. E. Siple, g) 
Coastal plain, subsurface geology and hydrology

(G. E. Siple, g) 
Greenville and Spartanburg Counties, geology and

ground-water resources (N. C. Koch, g) 
Piedmont, alluvial aquifers (G. E. Siple, g) 
Savannah River Plant, hydrologic effect of pump- 

age (G. Siple, g) 
Surface water:

Analyses of streamflow characteristics (A. E. John­ 
son, s)

Water resources Continued
(South Carolina (Columbia) Continued 

Surface water Continued
Compilation of streamflow records (A. E. John­ 

son, s)
South Dakota (Huron) : 

Ground water:
Beadle County (L. W. Howells, g)
Clay County (J. C. Stephens, g)
Cheyenne and Standing Rock Indian Reservations

(J. E. Powell, g) 
Dakota Sandstone (C. F. Dyer, g) 
Eastern South Dakota, hydrology of glacial drift

in selected drainage basins (M. J, Ellis, g) 
Pine Ridge Indian Reservation (M. J. Ellis, g) 
Sanborn County (L. W. Howells, g) 
Shadehill Reservoir area (J. E. Powell, g) 
Studies of artesian wells and selected shallow

aquifers (C. F. Dyer, g) 
Tennessee (Chattanooga) : 

Ground, water:
Dickson, Lawrenceburg, and Waverly quadrangles

(M. V. Marcher, w) 
Dover area (M. V. Marcher, w) 
Germantown-Collierville area (D. J. Nyman, w) 
Highland Rim Plateau (M. V. Marcher, w) 
Madison County (D. J. Nyman, w) 
Memphis area (J. H. Criner, w) 
Western Tennessee (G. K. Moore, w) 

Texas (Austin) :
Deep Creek, hydrologic investigations (W. B. Mills, s) 
Honey Creek, hydrologic investigations (C. R. Gilbert,

s) 
Little Elm Creek, hydrologic investigations (E. E.

Schroeder, s) 
Mukewater Creek, hydrologic investigations (S. P.

Sauer, s) 
Trinity, Brazos, Colorado, and San Antonio River

basins, hydrologic investigations (W. H. Goines, s) 
Ground water:

Atascosa and Frio Counties (E. T. Baker, Jr., g)
Brazos River Valley (J. G. Cronin, g)
Camp, Franklin, Morris, and Titus Counties (M. E. 

Broom, g)
Carson and adjoining counties (G. McAdoo, g)
Castolon area, Big Bend National Park (E. R. 

Leggat, g)
DeWitt County (C. R. Follett, g)
El Paso area (M. E. Da vis, g)
Gaines County (P. L. Rettman, g)
Galveston area (R. B. Anders, g)
Gonzales County (G. H. Shafer, g)
Hardin County (E. T. Baker, Jr., g)
Houston County (G. H. Traver, g)
Houston district (R. B. Anders, g)
LaSalle and McMullen Counties (H. B. Harris, g)
Menard County (R. C. Baker, g)
Middle Rio Grande basin, Colorado, Trinity, and 

Sabine River basins (R. C. Peckham, g)
Orange County (J. B. Wesselman, g)
Padre Island National Seashore (B. N. Myers, g)
Refugio County (C. C. Mason, g)
San Antonio area (S. Garza, g)
Upper and lower Rio Grande basins, Brazos, Gua-
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Water resources Continued 
Texas (Austin) Continued 

Ground water Continued
dalupe, San Antonio, Nuecesi, Red, and Gulf 
Coast basins (L. A. Wood, g) 

Utah (Salt Lake City) : 
Ground water:

Central Sevier Valley (R. A. Young, C. H. Car­ 
penter, g)

Dinosaur National Monument (T. Arnow, g) 
Jordan Valley (I. W. Marine, g) 
Northern Utah Valley (R. M. Cordova, S. Subitsky,

g)
Pavant Valley (R. W. Mower, g) 
Price area (R. M. Cordova, g)
Selected basins in southwestern Utah (G. W. Sand- 

berg, g)
Sevier Desert (R. W. Mower, R. D. Feltis, g) 
Sevier River basin between Yuba Dam and Leam­ 

ington Canyon (L. J. Bjorklund, g) 
Tooele Valley (J. S. Gates, g)
Upper Sevier Valley (C. H. Carpenter, L. J. Bjork­ 

lund, G. B. Robinson, g) 
Weber Basin (J. H. Feth, g) 

Virgin Islands (San Juan, P.R.) :
Water resources (D. G. Jordan, w) 

Washington (Tacoma) :
Bangor, water supply, NAD (K. L. Walters, g) 
King County, water resources (D. Richardson, s)

Lower Flett Creek basin, hydrology (F. M. Veatch, s)
Ground water:

Central Pierce County (K. L. Walters, g)
Grant, Adams, and Franklin Counties (J. W. Brug-

haw, g)
Island County (H. W. Anderson, Jr., g) 
King County, southwest (J. W. Bingham, g) 
Mason County (J. B. Noble, g) 
Mt. Rainier National Park (J. Luzier, g) 
Spokane County, northern (D. R. Cline, g) 
Thurston County (J. B. Noble,, g) 
Whitman County (K. L. Walters, g) 
Willapa River valley (K. L. Walters, g)

Surface water:
Cedar River basin (F. T. Hidaka, s) 
Chehalis River basin (D. Richardson, s) 

West Virginia (Morgantown) :
General hydrology (G. Meyer, g)
Water resources of the Monongahela River basin (G. 

Meyer, g)
Ground water:

Mason and Putnam Counties (B. M. Wilmoth, g) 
Ohio County (T. M. Robison, g) 
Teays Valley (E. C. Rhodehamel, g) 

Wisconsin (Madison) :
Ground water:

Dane County (D. R. Cline, g)
Little Plover River basin (E. P. Weeks, g)
Lower Wisconsin River valley (L. J. Hamilton, g)
Milwaukee area (J. H. Green, g)
Portage County (C. L. R. Holt, g)
Racine-Kenosha Counties (R. D. Hutchinson, g)
Upper Wisconsin River valley (R. W. Devaul, g)
Waushara County (W. K. Summers, g)
Winnebago County (P. G. Olcott, g)

Water resources Continued
Wyoming (g, Cheyenne; q, Worland) :

Glendo area, hydrologic studies (E. P. Weeks, g) 
Ground water:

Cheyenne area (E. D. Gordon, g)
Devils Tower National Monument (E. D. Gordon,

g)
Grand Teton National Park (E. D. Gordon, g) 
Great Divide and Washakie structural basins and

Rock Springs uplift (G. E. Welder, g) 
Johnson County, chemical quality (T. R. Cum-

mings, q)
Johnson County, northern and central (H. A. Whit- 

comb, g)
Niobrara County (H. A. Whitcomb, g) 
Sheridan County (M. E. Lowry, g) 
Sheridan County, chemical quality (T. R. Cum-

mings, q)
Wheatland Flats area (E. P. Weeks, g, Cheyenne) 
Yellowstone National Park, Bridge Bay (E. D.

Gordon, g) 
Other countries:

Afghanistan, surface-water resources of Helmand
River basin (R. H. Brigham, w, Lashkar Gah) 

Argentina, ground-water investigatory programming
(W. W. Doyel, w, La Plata) 

Brazil:
Education in ground-water geology and hydrology

(D. J. Cederstrom, w, Rio de Janeiro) 
Hydrogeologic investigations in northeastern Bra­ 

zil (S. L. Schoff, w, Recife)
Surface-water investigations in northeastern Bra­ 

zil (L. J. Snell, w, Recife) 
Chile, ground-water investigations and hydrogeologic

mapping (R. J. Dingman, w, Santiago) 
Cuba; Guantanamo Bay Naval Base, emergency 

ground-water supply (S. Lang, H. Sutcliffe, g, 
Tallahassee, Fla.) 

Iran, nationwide river-basin surveys (A. F. Pendleton,
w, Teheran) 

Libya, nationwide ground-water investigation and pilot
development (J. R. Jones, w, Tripoli) 

Nepal, nationwide surface-water investigations (D. E.
Havelka, w, Katmandu) 

Nigeria:
Hydrogeologic investigation of artesian water in

Chad Basin (R. E. Miller, w, Maiduguri) 
National ground-water program (D. A. Phoenix,

w, Kaduna)
National water-survey programming (W. H. Robin­ 

son, w, Lagos) 
Okinawa, southern, ground water (D. A. Davis, g,

Honolulu)
Pakistan, hydrologic investigations related to water­ 

logging and salinity control in the Punjab Region 
(M. J. Mundorff, w, Lahore) 

Sudan, ground-water investigations, Kordofan and Dar-
fur Provinces (H. G. Rodis, w, Khartoum) 

Tunisia, ground-water investigations and hydrogeologic 
mapping (L. C. Dutcher, w, Tunis)
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Water resources Continued 
Other countries Continued 

Turkey:
Nationwide ground-water investigations advisory

work (C. R. Murray, w, Ankara) 
Nationwide surface-water investigations (L. J.

Snell, w, Ankara)
United Arab Republic (Egypt), ground-water investi­ 

gation and pilot development in the New Valley 
project (R. W. Sundstrom, w, Cairo) 

Waterpower classification: 
Alaska:

Taiya River, West Creek powersite (J. D. Dugwyler, c,
Tacoma, Wash.) 

Tebay Lakes, near Cordova (K. F. Jones, c, Tacoma,
Wash.) 

Arizona:
Salt River basin (W. C. Senkpiel, c, D)
Gila River basin, below Coolidge Dam (J. D. Tefft,

c, D) 
California:

Kern River basin (R. N. Doolittle, c, Sacramento) 
Mono Creek basin (K. W. Sax, c, Sacramento) 
Owens Lake basin (R. N. Doolittle, c, Sacramento)

Waterpower classification Continued 
California Continued

San Joaquin River basin (R. N. Doolittle, c, Sacramen­ 
to)

Smith River (K. W. Sax, c, Sacramento) 
Idaho:

Salmon River basin (L. L. Young, c, Portland, Oreg.) 
Snake River Basin (L. L. Young, c, Portland, Oreg.) 
Weiser River basin (J. L. Colbert, c, Portland, Oreg.) 

Nevada, Quinn and Humbolt River basins (K. W. Sax, c,
Sacramento, Calif.) 

Oregon:
Alsea River (L. L. Young, c, Portland) 
Nehalen River (L. L. Young, c, Portland) 
Siuslaw River (J. L. Colbert, c, Portland) 
Trask River (L- L. Young, c, Portland) 
Waterpower sites (L. L. Young, c, Portland) 

rtah, Colorado River basin, Glen Canyon Dam to San
Rafael River, (H. D. Tefft, c, D) 

Washington:
Cowemau River (J. D. Dugwyler, c, Tacoma) 
Green River, Toutle River basin, (L. F. Pease, c, W) 
Kalama River (J. D. Dugwyler, c, Tacoma) 

Zinc. 8ee Lead and zinc.
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